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PREFACE. 



I HAVE endeavoured in the following pages 
to collect much valuable Geological information, 
which was scattered through several volumes of the 
Annales des Mines, a work edited by the General 
Council of Mines at Paris ; and it is hoped that bjr 
thus presenting it in a portable form, it may be found 
useful to English Geologists, by enablino^ them easily 
to compare some of our own rocks with similar forma- 
tions described in the above work ; a correct know- 
ledge of the changes which take place in many rocks, 
particularly those of the secondary class, in their 
mineralpgical structure, &c. at different distances, 
being I conceive not one of the least important 
branches of geological inquiry. 

In order to avoid a repetition of synonymous terms, 
I have prefixed a Synoptical Table of Equivalent 
Formations; the arrangement adopted has been 
simply that of convenience, and 1 wish it to be clearly 
understood that it is no attempt at geological divi- 
sions: from the alluvium to the greywacke and its 
associated beds, the rocks are placed in the order of 
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superposition ; beneath these the other formations are 
sometimes so mixed, that it would be difficult to as- 
sign them a regular mode of occurrence; granite and 
gneiss have however, according to the usual practice, 
been placed at the bottora of the iist ; the rocks usu- 
ally termed trap rocks, have been thrown together 

for the convenience of more easy reference; It is 

• ■ ■ - — I. 

not always very clear whether our lower chalk with- 
out flints should be referred to the lower portion of 
tie tipper white chalk of the French, or to their 
crate tufau. I have inserted the muschelkalk andT 
quiCdersandstein of Germany as separate formations, 
in order to shew the'opinioiis at present entertained 
by some continental geologists on the subject, who 
consider the muschelkalk as distinct froin our lias ; 
it has on the other band been considered by some 
geologists that the muschelkalk is a modification of 
our lias^ aiid that the quadersandstein* is the sand of 
the inferior oolite ; conceiving it to be of some impor- 
tance to determine if we are or are not to add two 
new formatipns to our secondary rockis, I have, in an 
Appendix j ^iven the descriptions of these rocks by 
Messrs. Humboldt and Boue, for the sake of com- 
parison. With respect also to the identity of the 
new red conglomerate with the rothe todte liegende. 
of Germany, it may perhaps be right to mention, as 
discussions have lately taken place on this subject 

* This oinly refers to those localities where the sandstone thus termed 
is distinctly interposed between the muschelkalk and Jura limestone, for^ 
it is impossible to resist the suspicion, that more than one sandstone 
fdrmatidh has been confounded under this name in different districts. 
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between the Rev. W. D. Conjbeare and Mr. Weaver, 
that the conglomerate usually termed new red con- 
glomerate, in the neighbourhood of Exeter and Teign- 
mouth, seems closely to resemble the rothe todte lie- 
gende, as has been already stated by Prof. Buckland ; 
the magnesian limestone is unfortunately wanting in 
that country, or at least has not been described, 
though traces of it are mentioned by Mr. Conybeare 
(Outlines of the Geology ofEngland and Wales, p, 308) 
at Sampford Peverell in Devonshire, for beneath that 
rock the German rothe todte liegende is always des*^ 
cribed as occurring. 

In addition to the Synoptical Table above men« 
tioned, will be found a translation of M. Brongniart's 
table of the Classification of the Mixed Rocks, in- 
serted in the Journal des Mines, which will be found 
useful, by shewing the composition of rocks, bearing 
names not in common use amongst English geolo- 
gists. 

Some of the Memoirs will be found shortened in 
the following translations, but it is hoped that nothing 
material has been omitted, 

H. T. De i,a Heche. 
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Class I. CRYSTALLIZED ISOMEROUS 

(ISOMERES) ROCKS. , 

Charactef. The parts uhited by cryst^llihe aggrfe- 
gation, without either an essential predominant 
base or portion, or a perceptible homogeneous 
cement* 

Gems 1. FELSPATHIC ROCKS. . 
Cbar^ Felspar is the essentialnconstituent part 

^edesl. GRANITE. 

Essentially composed of lamellar felspar, quartz, and mica, 
nearly equally disseminated. 

' ' ' 

principal tarieHos* 

' C<nfMOir CimAinTE Felspar, qtiar^, and mica, equally disiemi- 

liat^d. .: . - 

PoRPBTiirffcGiUNltK. Crystals o£ felspar in small grained granite. 

b 
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Species 2. PROTOGINE. (Jurine.) 

Essentially composed of felspar, quartz, and steatite, talc, 
or chlorite, entirely or almost entirely replacing the mica. 

Observation. The decomposing (alt^r^s) syenites are Easily confounded 
with this rock. 

(The Pomenaz, valley of Servos^— tlie Talifre, — the Gorge of Malla- 
vale in Oisans, — the Sonnenberg in the Hartz, — ^Niolo in Corsica.) 

Species 3. PEGMATITE. {Hauy.) Graphic granUe^ &c. 
Essentially composed of lamellar felspar and quartz. 

Obs, All the fine kaolins are derived from this rock. 
(St. Yriex, near Limoges, — Geyer, — Cambo, near Bayonne, — Long- 
crup, near Bagneres) 

Spedes 4. MIMOSE. (A species estahUhed by M. Hauy.) 

Essentially composed of augite and lamellar felspar. 
(Summit of the Meissner.) 



Genus i. HORNBLENDE ROCKS. 
Char^ Horpblende is the essentially constituent .part. 

Spefnesl. SYENITE. (Werner.) 

Essentially composed of lamellar felspar, hornblende, and 
quartz. The felspar is often predominant. 

GRAmTic S Felspar and lamellar hornblende wi^ a little 

mica. 
(Upper Egypit,— ^Plauen in Saxony, — the 
,. Rehberg in the Hartz.) 
ScHiiTOSE S Lamellar felspar and hornblende with a slaty 

structure. 
PoRPHTAiTic S. ...... Large felspar crystals in a small grained 

syenite. (Altenberg in Saxony.) 
Zi&coN S.. Felspar, lamellar hornbliehde, Atf d ' zircon. 

(Fridridivmn i^ I^^rwfky.) 
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Species 3. DIABASE. (Grunsteln, Werner.) 

Essentially composed of horablend« and compact felspar 
nearly equally disiemiaated. 

Prnidpal varkstiu, 

GRAimic D* The structure granular. 

(The diabase of the ancient Fgyptian monu- 
ments; it contains black mica. LaPerque, 
' opposite Coutance, &c.) 

Schistose D The structure fissile, rayed, or zoned. 

(Charbiac, near Sainf-Flour. The Chalan- 
ches in Oisans, — the Schneeberg.) 

PoRPHTRiTXC D Crystals of compact felspar disseminated in 

a fine grained greenstone. 

OkbicuuiR D. Spheres with concentric zones of hornblende 

and compact felspar in a diabase of mode- 
rately sized grains. 
(Orbicular granite of Corsica.) 

Species S. HEMITHRENE. 

Essentially composed of hornblende and limestone. 
(The rock named primitive greenstone with limestone of 
Andreasberg, in the Hartz,— of Smalzgrube in Saxony. The 

rock named limestone of Maresberg in Saxony.) « 

« 

ClawIi.^ the crystallized aniso- 
merous (anisomeres) rocks. 

Char. Wholly or in part formed by confused crys- 
tallization ; one predominant part serving as a base, 
paste or cement to the others, and contemporaneous, 
or anterior to the parts it contains. 

Genus L WITH A BASE OF CRYSTALLIZED 

QUARTZ. 

Spedesl. HYALOMICTE. (Graisen.) 

Essentially composed of crystallized iquarts, with mica. dis- 
seminated but not continuous. The structure granular. 

(Altemberg, with tin, — Vaulry, near Limoges, with wol- 
fram.) 

62 
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Genus 2. WITH A BASE OF MICA. 

Spedesl. GLNEISS. 

Essentially composed of an abundance of mica in plates, 

and of lamellar or granular felspar, — the structure laminated. 

Obser, As there are rocks named gneiss by all geologists, which do 
not contain quartz, this mineral cannot be termed an essential constituent 
part. 

Principal varietiea. 

Common Gn , . Little or no quartz. 

QuARTZOSE Gn Quartz abundant 

(Todfttein in Saxony, — Huttenberg, Hariz,) 
Talcose Gn. . . .^ Granular felspar, shining and talcose mica. 

(Saint Bel, near Lyon.) 
PoRPHTRiTic Gy. ..... Crystals of felspar disseminated in gneiss* 

(Kringeln, in Norway (wm Buck.) Cevin in 

the Tarentaise.) 
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Species ^. MICASCHISTE. (Mi(S& Slate.) 

Essentially composed of an abundance of contintfons mica 
find quartz. The structure slaty. 

Principal varieties, 

QuA&TzosB M. Very abundant quartz and mica, nearly alone^ 

and alternating in undulating laminie. 

GfLAXTtic M. Garnets nearly equally disseminated. 

FsuPATHiC M • • • Grains of felspar nearly equally disseminated. 

(Herold, nearEhrenfriedersdorf in Saixony,) 

Genut 3. WITH A BASE OF SCHIST. 

Species 1. PHYLLADE. (A name given in concert with 
Messrs. Brochant and D^Jubuisson.) Mixed thonschiefer 
' of the German mineralogists. Differiept sdhists. • 

Base of clay-slate containing dissemin^ed mica, quartz, 
felspar, hortiblende, chiastolite, &c, either separately or to- 
gether. The structure slaty. 
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Principal varieiui, '■ \ 

(xLAiTDULOUf P. ^ . . . , . . The crystals more or less well formed, rather 

equally disseminated, j^nd enveloped in a 

phyllade, which is commonly micaceous. 
Porphyritic. 'With crystals of felspar, &c. - 
{Environs of Anger. Deville and Laifour, 

department of the Ardennes, OmaUut d* 

Halloy.) 
Quartzose. With graiqs of quartz. 
(Banks of the Mayenne near Angers.) 
Chiastoliteferous. With crystals of chias- 

tolite. . . 

(Alen9on, Tourmalet, Comelie, &c. in the 

Pyrenees. Burkhartswald in Saxony.) 
MiC'A£JB017S P. ....... . Mica more or less abundantly disseminated 

In a phyllade, without any other accessory 

minefral, neither staining,* nor whitening 
" by the fire. 

Platy. The mica disseminated in distinct and 

abundant plates. 
(The greater part pf greywacke dates. Pla- 

Qitz in Saxony. Combe de Gilliarde in 

Qisai^s.) 
Satiny. Mica in scarcely distinct plates, the 

lustre silky^ 
(Schneeberg. ' Tourmalet in the Pyrenees.) 
Dull. The mica disseminated in rare pflatesy 

aspect dull. 
(Viel-Salm, department of the Ourte &a) 
Carburatbd P. Slightly micaceous, stains black, and i» 

sometimes calcariferous. 
(Bagaere deLuc;hon. Hermersdorf in Saxony. 

Hofhungstolle, in the Hartz. Some marly 

bituminous schists of ThunQgia^) 

Spedes% CALSCHISTE. 

Argillai:eoqs slate, often predominant, and limestone dis- 
seminated either ia elongated patches, small veins, or thin 
plates, sometimes parallel, sometimes traversing. The struc- 
ture slaty. 

Obs. This mixture of limestone and argillaceous slate is 
too constant in its structure, proportions, and character to 
be regarded as accidental, or as an argillaceous slate traversed 
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bjT calcareous veins. The schist and limestone alternate in 
this rock in the same manner as the quartz and mica alternate 
in mica schist, the felspar and mica in gneiss, &c. I shall 
cite as examples of this jock : the veined calschiste of la Ma- 
deleine, near Moutier, which is micaceous, and its structure 
fissile, alternating, and fibrous ; and those which I have ob- 
served at Mont Aventin, valley of the Arboust : at Lauder- 
ville, valley of Louron : and at the Pic d'Eredlitz, in the 
Pyrenees. They are blackish grey, micaceous, satiny, veined, 
and with a reticulated amygdaloidal structure, &c. 

Genus 4. WITH A BASE OF TALC 

Swedes 1. STEASCHIST. (Talkschiefer, Werner.) 

A talcose base containing disseminated mica or other mi- 
nerals. The structure slaty. 

PHndpal varieHes. 

ttonOH S. (Verharterertalc.) Generally brilliant, rough to the touch, 

mixed with petrosilex in laminsa, mica, 
disseminated pyrites, &c. 
(Pesey, in the department of Mont Blanc.) 

PoaPBTRrric S. Disseminated nodules or crystals of lamellar 

felspar 
(Vereix, in the valley of Aosta.) 

Nodular S* Enveloped shapeless nodules of crystalline 

quartz, felspar, &c. 
(The harbour at Cherbourg. Mont Jovet, 
department of the Doire.) 

Steatitic S Soft, very unctuous to the touch. 

(The stone of Baram, > St Bel, near Lyon,^ 
Dax.) 

Chlorite S Soft, green, mixed with chlorite. 

(Corsica, with octohedral crystals of oxidu- 
lated iron. Cauteret.) 
DiALLAOB S. Green or brown, mixed with diallage. 

OpjiioLiif E S Mixed with serpentine. (Corsica.) 

Phtlladiew S Talc and phyllade, very fissile. 

(The gangue of the Valorsine conglomerates.) 
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Oems 5. WITH A SERPENTINE BASE. 

l^e€W9l. OPHIOUTE.* 

A paste of serpentipe enveloping disii^titftiatedbsddiilated 
iron and other accessory minerals. The stcooture x^qimpact. 

Trinc^alvarieHes, 

FsRitiFEiious O. With diteeminated grains of oxidulated iron. 

Chromiferous O. . , . . With disseminated grains of chromatt of iron. 

DiALLAfitc O. With disseminated diallage. 

{Baste, in the Hartz.) 
. Gakxet O. With disseminated garnets. 

iGetms 6. WITH A LIMESTONE fiASE. 
Specietl. CIPO;:.IN.+ 

A base of Eaccharine limestone containing mica as a con- 
stitnent rand eseeptial parit. The strocU^c^faccharine^ . often 
fissile. 

(Pyrenees. — Schmalzgrube in Saxony.) 

5j>ccfe*2. OPHICALCE. ■" 

Base ^f limestone with serpentine, talc, or chlorite. The 
structure imbedded, (Stiticture emp&t^e.) 

Principal varieties. ' 

Reticulated O Egg-snaped nodules of compact limestone 

pressed against each other, and tinited as 

it were by a netnwork of Jtalcose serp^ tine. 

(Marbre de Campan. Furstenberg in the 

Hartz.) 

VSINE& O*. ••.....••. Irregular patches of limestone, separated and 

traversed by veins of talc, serpentine, and 
limestone* 
^ert Antique. Vert de Me*, Vert de Suza.) 

Granular O. . • Talc or serpentine disseminated in a saooha* 

rine limestone. 

* The greater part of common serpentines, potstones, &c. Noble ser- 
pentine should constitute a single mineralogical species. 

f In order to shew the difference we make between pure saccharine 
limestone, and* the rock with a limestone base which we name Cipotin, 
we shall state ^at cipolxn often occurs tuboxdinate to saccharine liiiie- 
stone. • ^ ;.'• — 
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l^edes 3. CALCiPHYRE.* 

Paste of limestone enveloping crystals of different kinds. 
The gtrocture imbedded, (empatee.) 

Prineipaltiariaies. - 

FSLtPATBic C Crystals of felspar disseminated in a compact 

limestone. 
(The Col du Bonhomme, Brochant.) 

Gabhkt C. • , • Ciamets disseminfited in a compact or sac- 
charine limestone. 
(The environs of the Pi.c. ^u Mi4i in the Py- 
renees.) 

HoiuvBLSiiDE C. . . > . . Hornblende disseminated in a compact limo^ 

stone. 

(Isle of Tirfey,+ Hebrides.) 

• ■ 

Gems 7. WITH A BASE OF CORNEAN. • 

(Coraeene.) 

S^det 1. VARIOLITE. (Blcaterstem^ perUtemy some 

tnandelsteihy &c. 

Paste of comefin containing nodules and Teins, either cal- 
careous or siliceous, which are conteitaporaneous or posterior 
to the paste. 

Principal varietiss. 

CoHMOir v.. ^. . ^ compact paste of a sombre green, reddish 

brown or violet colour, with crystalliased 

calcareous nodules. 

(Variolites of the Drac, . Oberstein, of the 

Hartz, &c) 

BuFONXTE V. A black paste with calcareous nodules. 

(Toadstone of Bakewell in England.) 

. 1 ■ ■ ■ . ' ' ' . ■ ■ f — J 

* The division of the mixed rocks with a calcareous base into three 
.species, far- &om being superfluous, is perhaps not carried &r enough. 
_ )ier^ ey<sn the characters of geological position apcord with t^e minera- 
logKsal characters in indicating this division 

. f Dr. Mac Culloch (Description of the Western Islands of' Scotland, 
vol. 1. p. 50,) mentions that the Tiiey limestone '^ is- most distinguished 
. for the quantity of augite dispersed through it," and states that the l^orn- 
bleade occurs Occasionally in large concretions. * (Trans.) 
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' Z^otm; y. r ...,••••# • Portions of entrocbi mixed with tha calca^ 

reous nodules. 
-(Kehrzu, near Clausthal in the Harts, de 
JBounard,) > 

Veiit^d V, . • Veins and small graims of spathos^ carbonate 

of lime. 
(SchaaisteiH of Diilenbourg.) 

Species 2. VAKITE; 
Base of wacke coi^taining mica, augite, &c. 

Genus 8. WITH A BASE OF HORNBLENDE. 

Species i. AMPHIBOLITE. 

Base of horableride containing different disseminated mi- 
. perals. ' The stracture sometimes! compact, sometimes' fissile* 

Gbanitic a. • .^. The structure compact, the texture granular. 



coAtaining garnets, serpentine,* bronziie,&c. 
AcmroLiTio A. . .-•« • .The structure compact, the texture saccharine, 

the colour green, containing garnet^^&c 
(Kaf in Bareuth.) 
y^cACmbtB A. /•.•••• • Hornblende and miea. ' The structure gA- 

nular. 

SfJHisTOSEA, ..The structure fissile, the texture slightly 

fibrous* 

Species 2* BASANITE, 

A base of slightly brilliant and compact basalt, containing 
fiifferent disseminated minerals* 



I . 



Prindpal varieties. 
Compact B. ^ • . • Hard, compact, containing augite, olivine, 

titaniferous iron, &c. (BasaU properly so 

called.) 
Cjbllular B.. Hard, cellular. Egg-shaped cells rare. 

Species 3. TRAPPITE. 

A base of hard, compact, dull, and often splintery (fr4g- 
metitaire) cornean tn^, enveloping mica, felspar, &c. (Trap 
rocks). 



J 
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!^des4. ^HELAPHTftE. (Tn^porphyry Werner.) 

A fMSte of black petrosiliceous hornblende containing fel- 
spar crystals. Fusible into a black or grey enamel. 

Prine^^ varieties. . 

Demi-deuiIt M. ••••.. De^p black :Mrit]i white crystals, & no^quartz. 

(Venaison in the Vosges. Sweden.) 

Sawguihe M ••..Blackish, the crysUUs reddish, with grains 

of quartz. 

(Niolo in Corsica.) 
Greek spotted M.« . . Reddish brown, with green crystals. 

(Black antique porphyry.) . 



.» 



Genus 9. WITH A BASK OF HORNBLENDE 

PETROSILEX. 

The base is pc^trosilex eotoured by faornblendt^ 
wbich is as it were dissolved in it.t it is not Mack* 

Spedes 1. PORPHYRY. (True porph^y. Homsiem 

porph^* Werner*). 

Paste of red or reddish* petrosilex, containing deter- 
mnable crystals of felspar. Fasibte into a bkck ^ :grQy 
enamel. 



* V 



Frindpdt varietUa, 

AwTiquB P. . . . • Paste of a very deep red colour, with small 

crystals of white compact felspar. 
Reddish brown P.. • • . Paste of a reddish brown colour, with a little 

quartz. 
(Planitz^ — Kusseldorf. Lestetel.) ^ 

Roseate P •.. Paste of a pale red colour, numerous grains 

or crystals of quartz. 
(Kunnersdorf in Saxony.) 

Violet P. 
Stem iTic P. 

Spedes 2. OPHITE. {Green porphyry.) 

Paste of green hornblende petrosilez^ containing deter- 
minable crystals of felspar. 



I • 



pX. 



* Leucostiue, Deiametherie. 
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Prine^^ varieties. 

AimQCE O. ; ; Green compact, homogeneous, opaque pfste, 

^ with crystals of green felspar. 

Varied O. •••• Brownish green . granular paste with crystals 

of white, grey, or green felspar. 
(The Tourmalot in the Pyrenees. Bode in 
. the Haxtz. Niolo in Coraipa^) 

S^eciei 3. AMYGDALOID. (MandeUtein^ Werner.) 
Some rocks improperly named Tariolites.* . 

Paste of petroailex, containiDg round nodales of petrosUex, 
of a different colour from that of the paste* 

JPrindpai varieties* 

Greenish A. ..,••••• • The tint generally green* 

(La Durance.) 
GretA. 
Red A. 
PoRvsTRiTic A* ••'•••* A reddish .paste containing smaUcrystals of 

\ felspar and hornblende, with nodules. 

(Orbicular porphyry of Corsica.) 

Species 4. EUPHOTIDK (Haa^. Diallage rock.) 

Base of jade, petrosilex, or even of felspar, with numerous 
cnry^als of diallage. The structure granulafr. 

(Corsica. Genoa, &c) 



Genus 10. WITH A BASE OF PETROSILEX, 
OR OF GRANULAR FELSPAR. 

Species 1. EURItE. (d^Jlubtdtson. Some aeissfetns. 

KUngttein. Werner.) 

Base of rather pure petrosilex, containing mica and other' 
disseminated mlnerah. Structure either granular, fissile, 6r 
imbedded. 



*i I 



* Not only do the amygdaloids, as we here characterize them, -differ 

from variolites in the nature of their paste, in that pf their nodules, and 
.' in the relations of the formations of the two positions; but we moreover 

see that they differ in their geological position. Our amygdaloids are 
. generally ot a much more ancient formation than the variolites; All 

-Uierefore tends to separate these two species of rocks which have been- 

so much confounded. 



/ 
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Principal varidiet. 

Compact E. The structnre compact wHh mica and gar- 
nets, — ^no distinct crystals of felspar. 
(Klingstein, FFism^r, — ^Therockof Sana^oire 
in Anvergne, — Coasme near Rennes.) 

ScBiSTOSB E. A fissile structure with a dense texture, &c. 

PoRPHTKiTic E. Determinable crystals of either felspar or 

hornblende disseminated in the paste. « 
(Some homstone porphyries, — ^fldtz trApp- 
poipbyr.) 

l^ectesi. LEPTENITE. (Hauy. ^me weissieinsy— 

HernfelSf Werner J) 

Base of granular felspar, containing mica and quartz as es- 
sentially constituent parts. The structure granular. 

Species 3. TRACHYTE. (Hau^. A kind of porphyry.) 

A fusible petrosiliceous paste of a doll aspect, enveloping 
crystals of vitreous felspar. 

(Porphyritic rocks of the Drachenfek in the Sieben Gebirge. Mont 
d'Or.) 

Genus 11. WITH A CLAYSTONE (argilolite) 

BASE. 

Species I. ARGILOPHYRE. (Thanporph^r, Werner.) 

A clay stone base enTeloping crystals of compact or dull 
felspar. 

Species^ POMITE. (Von Buck. Lavas of some mU 
neralogists.) 

Paste of harsh claystone, enveloping crystals of mica^ &c. 

(The Puy de Dome, — the Puy-Chc^ine in Auv(3rgne,^-the Isles Ponces.) 

Genus 12. WITH A BASE OF PITCHSTONE, 

or OBSIDIAN. 
Spedesl. STIGMITE. (^FUchstone ov obsidian porphyry.) 

A paste of obsidian or pitchstone containing grains or crys- 
tals of felspar. 
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■ ■ • ■ . , * » . * 

Genus IS. WITH AN UNDETERMINED BASE. 

Species !• LAVA. 

A mixed or undetermiued base, hayiog evidently been 
merited, often porous, with cavities for the greater part empty, 
enreioping different minerals. 

PrificSpal varieties* 

Basaltic L. » . . . . fil&ck compact paste, with void cells which 

are more or less abundant. 

Tephrevic L. The paste of an ash-grey colour, harsh to the 

touch, and porous. 
(Tephrine, Delametherie. Lava of Volvic.) 

ScoRiACEOUB L. A black, grey, or reddish paste, with nume- 

' rous' vesicles, & c 

PoRPHi^RiTic L. A vitreous or slightly lamellar paste envelop- 
ing crystals of vitreous and fibious felspar. 

Pumice L. A pumice paste enveloping vitreous felspar. 

Class III. THE AGGREGATED ROCKS. 

Character. Formed by mechanical aggregation ; the 
cement or paste posterior to the parts it contains. 

Genus 1. THE CEMENTED ROCKS. 
The parts united by a slightly apparent cement. 



Species 1. PSAMMITE. (MicaceottS sandstone,- 
grit, — the greater part of grey wackes.)- 

A granular rock, principally composed of small grains of 
quartz mixed with other minerals, and united by a slightly 
apparent cement of a different nature. 

Principal varieties* 

QuARTZOBB Pg. ...... . Middling sized grains of qdartz are essen- 
tially predominant, witli some disseminated 
grains of felspar, &c. 
(Remilly, near Dijon. Martes de Vayre, near 
Clermont in Auvergne,-^«bove Carlsbad 
in Bohemia.) 
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Grivitic Pa. IHstinct graini of qnartf aiHl felspar in nearly 

equal quantities, connected almost without 
cement. 
(Chateix, near Royat. Mont Peyroux in 
Auvergne.) 

Hif iCAGXOVt Ps. Grey sandy paste, containing numerous plates 

of miqa. 
(The greater part of the coal grits. ) 

Reddish Ps A reddish sandy paste mix^d witli qiica. 

(Micac^>us red sandstone.) 
(The heights of the environs of Saarbruck, 
&c. — Athis, near FeugeuroUe, in the en- 
virons of Caen. Rothe-todt-Uegende of 
Vaterstein, near Henstadt, in the Hartz. — 
Kaufinger-Wald, near Cassel.) 

Schistose Ps. A blackish argillo-sandy paste, containing 

mica. 
(The greater part of schistose greywackes.) 

CALCAiiEors Ps. .A tolerably coopact sandy calcareous paste 

with mica. 
(Bonneville, near Geneva. — Lautenberg in 
the Hartz. — Hauszelle, near Zellerfeld, in 
the Hartz.) 

Genus 2. THE IMBEDDED ROCKS. 
Fragments enveloped in a very distinct paste. 

Species 1. MIMOPHYRE. (Some greywackes.) 

An argillaceous cement uniting very distinct graios of fei- 
. ipar, and sometimes of quartz,, clayslate, &c. 

Princ^al varieties* 

QuA&TZOSE M Hard and solid, with numerous grains of 

quartz. 

(Ch&teix, near Royat in Anvergne,-^Sunimit 
of the Pormenaz, in the Savoy Alp8,~*near 
the Vallorsine conglomerates.) 
ARaiiXAcsous M. • . • • Friable with some grains of quartz and mica, 

with fragments of carburated schist, &c. 

(Flohe, between Freyberg and Chemnitz ; the 
argillaceous paste is green with small rose- 
coloured crystals of felspar. The red thtm- 
tteiu with white spota of Zaukerode, near 
Tharand.) 
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Specks^. PSEFITE- (The greater part of the ^o(ft.//c^€iwfe.) 

An argillaceous paste enveloping dissemiRated and.inid- 
ling sized fragments of mica-slate, clay-slate, whetstone-slate, 
and other rocks of the same formations; 

Principal varieties, 

Hkd Ps. With a red paste. 

(Fragments of whetstone slate, grains of fel- 
spar, &c. rothe-todt-liegende of Zorge in 
the Ilartz, — with small grains of quartz, 
rothe-todt-liegendc of Elrich in the Hartz, 
— fragments of mica slate, clay slate, &c 
thonporphyr of Clemnitz in Saxony.) 

Spedes 3. PUDDINGSTONE. (Poudingue.) 

A rock piincipallj composed of tolerabl j large uncrystal- 
lized portions, agglutinated by a paste. 

Principal varieties. 

AwAGEiric P Primitive rocks united by a cement, either 

schistose or of saccharine limestone. 
(Trient in the Valais. Col de Cormet, in the 
late department of Mont Blanc). 
Petrosiliceous P,. • . .Rocks of all kinds utiited by a petrosiliceoiia 

cement. 

Argillaceous P. Quartzose nodules united by an argillaceous 

cement 
(Lautenthal in the Hartz.) 
P<M.TGENicP... Rocks of all kinds united by calcareous ce- 
ment 
(Nagelfluhe of the Rigi.) 
Calcareous F. ...••• • Calcareous nodules united by a calcareous 

cement. 
(Nagelfluhe of Salzbourg.) 

Siliceous P,. *. Nodules of silex in a paste of homogenaous 

sandstone. 
(Environs of Nemours.) 

jAsrER P. • . Nodules of agate, &a in a paste of agate or 

jasper. 
(Pebbles of Rennes.) 

PtAMMiTB P Nodules of silex, &c. in a psammite paste. 

(Scotland, employed at London in the con- 
stnictioil of the docks.) 
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Specks A. BRECCIA.* 

A rock principally composed of angular^ uncrystallized 
middle sized fragments, agglutinated by a paste. 

Principal varieties. 

QuARTZOSB B Fragments of quartz and other rocks united 

by a serpentine paste. 
(Col de Queyriere, in the Brianf onnds.) 
Schistose B Fragments of schist, phyllade, &c. in an ar- 
gillaceous paste. 
(Todt-liegende of Eisenach. — ^The coast near 
Saint Jean de Luz. — Coutance.) 
' Schisto-Calcareovs B. Fragments of schist or other argillaceous 

roclcs, in a more or less calcareous paste. 
(Environs of Elbingerode in the Hartz.-* 
' Braunsdorf in Saxony.) 

Calcareous B Calcareous fragments in a calcareous pa^te. ' 

Volcanic B. . . • Fragments of pyrogenic (pyrog^es) rocks en- 
veloped in a calcareous, argillaceous paste 
of wacke^ lava, &c. 
(Aurillac. Gergovia. Habicbtswald in Hesse. 
— Rome.) 

* There are no precise limits between some puddingstones and some 
breccias, but there are so many important differences between siliceous 
puddingstone and calcareous breccia that we can, on no account, unite 
these two rocks in the same species. 



GeologUal Sketch 6f the Coal District ofSaintr 
iltienne, department of the Loire.* By M. 
Beaunie fty Engineer in Chief of the Royal 
Mining Corps. 



[Annales d^s Mines, 1816.] 



. THE coal district of the arrondiisement of St. Etienne 
Is contained iii every direction within a basii^ oTprimitire 
rocks^ extendiiig from SW. to N£» between the Xqire and 
the. Rhone, towards the points, where those two rivexs^ 
flpwing in contrary direttion^j are nearest to eacli other. See 
Plate I* 

Tl^is basin swells out considferablj ; towards the Loire on 
the west, its greatest breadth,' taken in the meridian of 
Rpcherla->MQliere, is 13^000 metres [42,652 feet] ; its edge» 
approach each other towards Saint-Chamond, and follow 
thence both sides of the river Gier, parallel with its course ^ 
to the Rhone, eastwards to the limits of the department of 
the Loire: the basin Js continued without sensibly altering 
its direction to and evcA a -little beyond f the Rhone; 

^t Hive de Gier the coal formation is not more than 2,800 
metres [7,546 feet] in breadth, and at TartHras it is still 
less.' Its greatest length,' measured from St. Pi(ul 4e Cor.* 
nillon (on the Jjoire) to Givors ;(oi\ the Rhon^), 19 46,250 
metres [151,742 feet]. It covers a surface of 221*43 square 
kilometres [about 8,7. square miles]. When speaking of the 
limits of the coal basin, a coqtinuous line is understood, 
which would mark the separation on the' surface of the coal 

* This Sketch forms part of a detailed account of the manner of work- 
ing the coal mines &c. in the above district (Trains.'} 

f Traces of coal are found at Ternay, on the left bank of the Rhone. 

A 
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measures from the primitiye rocks on which they rest, if they 
were both always exposed. The suite of elerations, consistiDg 
of primitive rocks, rising abore the coal district, might 
be described by the same terms. 

Towards the soath these heights belong to the* principal 
chain of the Pilat, separating the department of the Loire 
from that of the Ard^che, the ramifications of which towards 
the SW. form the limit of the department of the Hamte- 
Loire. On the west, the elevated primitive country rises 
above the right bank of the Loire, for a short distance, 
commencing from St. Paul de Comillon, and afterwards 
forms in the direction of the Rhone, a nearly continuous 
ridge on the north of the coal basin, in the same manner as 
the PiBit chain rises above it on the south and 8oat& west. 
' The principal part of these primitive rocks is composed of 
graniteji the most abundant ingredients of which are felspar 
and mica. The first of these substances most frequently 
presents itself in the form of a nucleus entangling plates. of 
mica, and occasionally talc. It is not rare however to find 
the different ingredients^ of the granite more distinct ; the 
mica is less abundant, and the crystals of felspar (freqnentljr 
of a roseate tint) become of considerable size. In nume« 
rous' places mica is the most abundant ingredient, the rock 
then becomes a gneiss, and may be considered sometimes^ 
as a granit veinSy and sometimes as a mica or talcose slate. 

On the west and north west the coal measures rest in 
general immediately on granite ; on the south and south 
wekt, ordinarily on gneiss, mica, or talcose slates, or even 
upon serpentine; these ro'cks separate them from granite,' 
which is found on approaching the primitive ridges. This 
primitive country contains metalliferous veins.* 

That we may not pass^ the limits we have prescribed 
ourselves, we will now proceed to consider the country 
formed of the coal-measures. 

# 

* Minesof sulphuretof lead at St Julien, Molin, Molette, and the 
-S.E. of Pilat; several veins of the same substance on the NW. of Rive 
de Gier, towards Fontain, and St. Martin-la-Plaine. 
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The latter'are c&mposed) if the e^iNresnoii maj be allqired, 
of the more or less divided debris of the basin that con- 
tains them ; these debris are disposed An beds of variable 
appearance alternating with others of coal a^d shale, which, 
besides the greatlj triturated debris of which they are 
4:ompos^d, contain v^etable remains in different states of 
preservation. 

Thetoliowing is a liBt of conglomerates (Pondidgs),. sand- 
atones, shales, and coal beds, fiUhig np the coal basin.* 

!• Conglomerates formed of large fragments of primitive 
mica and talcose* slates and granite, scarcely cemented to- 
gether; these fragments are 6ft^n of several cubic metrcl^ 
content. (Fine tipecimens on the north of St. Etietine to- 
wards Fouillotise ; at Rive de Gier, between that town and 
the bridge of la 'Madeleine, &c.> 

3. . Ccmgleraerates composed of smaller sized fragments, 
cemented together by 'the ordinary- sandstone of the coal 
measures. (These conglomerates are of more frequent oc- 
currence than the last). 

3. Large gmined sandstone mixed with small rolled 
fragments of differebt rocks. 

4. Compact sandstone, the grains of tii uniform size, con- 
taining plates of mica. (This is the building-stone known 
in the country by the name of Molosse). It forms beds of 
considerable thickness. 

5. A fine grained sandstone, in thin beds. 

^ 6» A fine grained slaty micaceoius sandstone, the slates 
being very thin* - 

7. A friable micaceous slate, in which small grains of 
aand are distinguishable. 

8. A more compact schist, in which mica is still visible. 

9. A harder schist. This kind is the least common. 

10. Coal, containing little bitumen, earthy, and mixed 
with schist. (This bed is found at Tartaras, Saint-Chamoad, 
and at Rive de Gier, and is known by the name of b&tarde.) 

* This enumeration agrees in many respects with that given by 
M. de Bournpn, in his Essai sur la lithologie du Forez. 

A2 
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]1» Coal, more bituminous than the last^ homogeneous^ 
with a brUitaflft fracture, generally hard, and separating in 
large fragments. (This Is the coal liiost esteemed for fuel ; 
it is* known at Rire de Gier by the name of Raffand^ and 
occurs abundantly in the vicinity of St Etienne, that in 
the greatest repute^ comes from la Berandiere or la Rica- 
merie). 

' Id. Very bituminous coal, Tery homogeneous, of a fine 
black col6ur, with a brilliant fracture, and slightly friable^ 
this is the variety known in the country by the name of 
^Marickale. (The most esteemed coal of this kind oeciirs 
in the districts of Grand Croix, and la Chancherey near 
Rire de Gier, and St. Etienne ; in that of 4he Bois d'Aveize^ 
of Clusel, and of Roche-la-Moliere, upon the bed named 
Seignat ; this variety is generally reserved for forges). 

The conglometateSy composed of large fragments scarcely 
cemented together, never immediately accompany the coal ; 
ivherever they exist, they form the lower beds of the coal 
measures, resting on primitive rocks; frequently howevet 
the lower beds, in immediate contact with the primitive 
country, are of different kinds of sandstone, upon which', 
' near the edges of the basin, beds of coal rest.* When these 
beds- occur of little extent, they are generally contained 
-between 4>ther8 of the compact sandstone, variety No. 4. 

The coal often rests immediately on this sandstone; at 
other times (and this case is rarer here than elsewhere) the 
roof or floor of the coal bed, or both together, are of scbist, 
containing vegetable impressions^ There are few coal bed^ 
that are not divided la ^eir thickness by seams of a more or 
less compact schist, bearing in the country the name of 
^Gore^' 

It is impossible to say any thing on the general thickiiess 
^Xyf the coal beds. In certain situations f coal not more than 
» 48 iSentimetres £about 5 inches] thick is worked. Ordinariljr 
'^ the workings are carried on in those varying in mean depth 

% • *- A- jKne exltople of this fact is seen on the rood from Rive de Gier to 
Lyon, above the bridge of la. Madeleine, 
f At Rive de Gier, for example, «t the colliery of Mont Dixien. 
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from' 1 to 5 metres [about 3 feet 4. in, to 16. feet 8 in.] i^ 
different points these same beds swell out suddenlj,^ 304s 
to acqaire a thickness of from 16 to 20 metres [about 53 
feet 4 in. to 66 feet 8 in."] •; or else not less suddenly they 
diminish in thickness from the floor and the roof approach*, 
ing each other, to a point at which no traces of thein are 
found for a considerable distance. The latter accident, 
known in the country by the name of coufflee, occurs more 
frequently than the other in the coal measures under x:onsU 
deration — this circumstance occasions great inconyenience 
in the working of St. Etienne collieries,' as it throws a great 
difficulty in the way of tracing the continuity of the coa| l^eds. 

Having thus shewn the most ordinary superposition of the 
beds in the coal measures, it is necessary to consider the com^ 
mdn relations of the different masses* For this purpose that> 
which occurs when the basin forms a single valley, must be. 
distinguished from that which happens when the basin,, 
greatly dilated, is cut through in different directions ;by se^ 
veral small yalleys. 

- Where the coal formation is confined between twa coai^: 
tfnuous and parallel chains, the beds are trough-shaped, and> 
form a new valley enclosed in that of the primitive coiuntry* 
This is the cajse in the greater part of the Rive de Gier dis- 
trict, the beds are conformable to the sides of the valley in 
which they rest, being horizontal or slightly curved at tho; 
bottom, and rising rapidly on either side. 

When, on the contrary, and as is generally the case on the 
watershed towards the Loire, the coal formation is consider 
rably dilated, and that it is cut in different directions by val- 
leys of greater or less depth, it is observable with but fei^ 
exceptions, that all the beds of the coal measures are inclined 
in a different direction from the slope of the little isolated 
hills or terraces formed of them. Thus the outcrops of the 
It^eds generally form'belts round the hillocks or platforms, and 
appear on the map as winding lines, differing little in level. 

The coal beds then can, relatively to the portion of the 
coal me^ures that occupies us at present, be considered. as 
curved surfacesj tending to form small basins, if hose infe- 
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nor parts, that is to say, the points furthest remored from 
the surface, are placed precisely uuder those parts of the 
coal formation that are at present the highest ; a fact that has 
been observed in many other countries, but from which the 
singular and rigorous conclusion has not perhaps been drawn,, 
that the lowest part of the primitire rocks on .which the coal 
formation is deposited, answers precisely to those parts of the 
latter, which ai^e at present the most elevated; or reversing 
the proposition, that the last valleys cat in the coal measures 
cover, ridges of primitive rocks concealed beneath them* 
This sketch, which is perhaps new, supposes certainly what 
many geologists are inclined to doubt, namely, that the beds 
in the coal formation are at present in the same situaticm as 
when they were moulded in the primitive rocks.* 

This supposition seems to us supported, with respect to the 
country in the vicinity of St. Etienne, by so many facts, that 
we have not been able; to refuse it credit — we shall present 
the following considerations. 

1. When the coal beds, or the beds of the measures, are 
highly inlined, it generally happens that their thickness in- 
creases with their depthr An analogous effect. wou^d take 
place with regard to malters deposited on ioclined planes* 

^i When the lowest deposits of a secondary country have 
been formed by large fragments with little or no adhesion,, it 
follows that these matters have rolled into the hollows of the 
primitive country, so as partly to fill them up, forming a less 
inclined talus upon which beds of , sandstone, schist, and 
coal have been deposited, which then would natncally \>e 

* Although it does appear that the irregularities of St Etienne <x>al 
measures may be owing to the uneven sunrface of the primitive- rocks'hp-^ 
neath, yet it is almost needless to remark 4hat foults and many contpr- 
tions must have originated fromoUier causes; for example, no possible 
inferior surface on which the coal measures could have been deposited, 
could at all have formed the twistings and contortions of the coal mea^' 
sures from Broad Haven to Gouldtrop Road, in St. Bride's Bay ; they ap- 
parently arise from the trap, which rising ft-om beneath the old red sand- 
stone, overflows the coal measures and squeeze^ them up against ^e grey- 
wacle. I have forwarded sections, &c. of this remarkable coast to the^ 
Qeolpgical Society in an account lately drawn up by Mr. Conybeare and 
myself on the* Geology of Southern Pembrokeshire. (Trans.) '' 
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mucli less, inclined than the declivities of the primitive rocks 
near them. Thus, multiplied observations prove, that this 
state of things which can easily be imagined, has not been 
distended bj any catastrophe subsequent to its formation* 

3. In the numerous places where the immediate superposi* 
tlon of the coal measures on the primitive Country cad be ob* 
served, the former is clearly seen to take all the curvatures 
required by the imeven surface of the latter, without any 
loss of continuity or fracture of- the beds. Would appear* 
ances be thus, if the h>cks -anterior to the deposit, or the de« 
posit itself, had been subjected to shocks and disturbances ? 

4. A single coup d'oeil thrown over the atlas accompanying 
the work from which this memoir is extracted, shews thatj in 
the widest part of the basin, the coal measures have entangled 
the elevated points of the primitive country^ it would be easy 
by following tip all the details, to give nearly the cokifigura* 
tioii of the rocks at present concealed, and to conclude that 
no important change has altered it. 

We could greatly extend these considerations and fortify 
our opinion by a greater number of facts, did not theieor of 
passing the "bounds we have prescribed ourselves det^r us. It 
is here the place to state, that the coal measures, surrounded 
on all sides by primitive rocks, support, but over a small ex* 
tent, the remains of a newer formation, torn away at the time 
when valleys were last formed. Patches of it are found at 
present only on the elevations of St. Priest and La Tour, si* 
tuated near the river Furens, between St. Etieone and thi 
Loire. 

This formation is remarkable, as volcanic tufa and frag« 
ments of basalt are enibedded in a siliceous substance, which 
has been deposited in horizontal beds on the coal measures. 

This fact does not appear elsewhere in any part of the St* 
Etienne district, the volcanic hillocks, found In the plain of 
Forez, have no immediate connexion with the coal measures 
under consideration. 

M. de Boumon has described the minerals of St. Priest and 
}^ Tpur, and given a detailed list of the different accidents 
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that hare affected them. He meotions well characterued it* 
liceoas fossil-wood^* 

It is to be regretted that the youth of the aathor, and the 
state of science when he wrote, should have giren rise to 8e<« 
Yeral mistakes, which it is not our present object ijo rectify. 
. Th6 levels of the different roc]LS passed in reTiew, can be 
ascertained from the atlas of the L^oire opines. 

1. The primitiye country can be traced without interrupt 
tion from the Rhone near Givors (at a height of 169 metres 
[563 feet] as far as the principal heights of the Pilat, ele» 
vated 1,200 metres [3,937 feet] also above the level of the 
8ea.+ 

The pit of Logis des P^res near Rive de Gier, gives the 
deepest section of these coal measures, its depth is 25 metres 
[82 feet] beneath the level of the sea ; :( on the other hand 
their greatest elevation is (at Mont Salson, near St. Etieope) ' 
725. metres [2,379 feet] above the same level. It follows that 
the greatest observed depth of the coal measures is 750 metres^ 
[2,461 feet] 

3L The greatest observed elevation of the formation at St. 
Priest and La Tour is 600 or 650 metres, [1,968 to 2,1^ 
feet]. 

* Essai 8ur la Lithologie des environs de St Etienne, p. 45. 

f The height of the Pilat has been estimated at i;ei6 metres [3,986 
feet] in the Annuaire statistique du department de la Loire, printed by 
order of M. de Colombiei;. We do not know what observations led to 
ihis result. 

X The depth of the coal measures 8 metres [261 feet] below the level of 
the sea, is shewn by the pit of Matonret, 385 metr^ [984 feet] in depth, 
the mouth of which is higher than that of Logis des Peres. 
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Memoir on the - Geographical Extent of the^ 
Formation of the Environ^ of Paris i—]^ 

J.J.iyOM^LIU^D'HjlLLOY.. 

Read at the Institute^ August 16,-1813. 
(Annales des Mines, 1816.) 



THE learned researches of Messrs. CaTieir and Brpngniart^. 
tiave drawn general attention to the formationsf in the en» 
yironsof Paris, and this is not repaarkable; for if the loftj^ 
Alps, vhere nature presents h^Fself under such magnificent 
Iprms, haTe inspired the great.d^ Saussnre, the true creator 
of geology as a science of observation ; if Saxony, a country, 
excavated to vast depths, in consequence of its paineraL 
riches, has offered to the genius of Werner, an opportunity 
of estal^lishing the first good system of geology ; the environs 
of Paris, containing such abundant remains of .living cre^ 
tures, have giv^n birth to true philosophical, geology, that 
which drawii^g its conclusions from the knowledge of the^ 
organised bpdies entombed in the bosom vof the earth, can 
^lone afibrd the certaii^ means of CQmparison between distant 
formations, and will one day perhaps throw some light oa 
the various catastrophes that have changed the surface of the. 
globe, as it has already indicated the nature of the liquidsiiir 
ivhich some of these phenomena have occurred* 
. The geographical extent of the formations in the environs^ 
Qf:Paris, and the details into which Messrs. Cuvier and 
]^ongniart have entered in their, geological map,, have i^ot 
allowed them ta represent the entire limits of this forqiation. 
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I conceiTed that the determination of these limits through- 
oat the extent of the basin would afford some interest, and I 
have with this design undertaken seyeral excursions, the 
results of which I here present. I should howeyer acknow- 
ledge that a part of this work has already been executed by 
M. Desmarest, sen*, who had carefully determined the limits 
nf the Chalk in Champagne. I have also received great 
assistance from the mineralogical atlas of M. Monnet, a 
work full of yaluable obsenrations, and less known than it 
deserves to be. Lastly, I have consulted two memoirs of 
Messrs. de Tristan and Bigot de Morogues, with advantage, 
for that part of this basin which occurs in tbe neighbourhood 
of the Loire* 

The different formations of which the country in the vici- 
nity of Paris is composed, taken collectively, a few isolated 
patches detached from the mass being omitted, occupy a 
surface of about ITO'square myriameters, (7100 square miles 
English) forming an irregular polygon, elongated from north 
to south, whos^ greatest axis may be represented by a line, 
30 myriameters long (328,391 English yards), drawn from 
Laon to Blois, the sides of this polygon pass in the vicinity 
«if the towns of Laon, - La F^re^ Noyon, Clermont, Beau- 
ihont, Gfsors, Mantes, 'Houdan, Chartres^ Ch^teaudiin, 
Tend6me, Blois, Orl6ans^ Cosne^ Montargis, Nemours, 
Nogent sur Seihe, Sezanne, EpemiEiy, and 'Reims; The 
Pturisian formations rest throughout thill extent upon chalk, 
which forms, as Messrs. Cuvier and Brongnlart have re- 
marked, a vast belt round the Paris Baisin. (See Plate '2.) 
^ These iimitv are very easily determined 6nf the north of 
the Seine, being both i physically and geologically distin^ 
^uished; the Parisian fortnation everywhere ^presents itself 
under the form of a chain of lulls more or \tst iildented, 
which rise abovci the chalk plaih. The latter b^omes, libw^ 
ever, lower and more even than it usua^llyis, as it approached 
dieftot of these hills; Messrs; Cuvier and Brongtiiart h&ve 
described nlimerous cftti/et of the Parisian rocks towards th6^ 
ffaalk plain; but as they have not had' <n;cM<>o to npe9i,% ^ 
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ihaJt near Dkmerie and Reims^ I shall make a few remarks 
ou it. 

The chalk, hid on the eajt of Paris by posterior forma- 
tions, begins to shew itself in the yallej of the Mame below 
Donnans, and rises as the valley is ascended, so that arriving 
at the plain of Champagne this formation is seen constituting 
the base of the hills for some yards aboye the leyel of the 
plain. This fact, observable . in many other places oa :the 
border of the Parisian rocks, proves that apart of the yalley 
•f Jthe Mame has been hollowed out of chalk, and appears to 
«hew thi^t the existence .of the low plain, bordering the 
Parisian hills, is not the effect of chance, giving this form te 
the surface of the chalk, before the deposition of the forma# 
tions composing the hills, but that it owes its origin, in s 
great measure, to the same cause which has worn, the exterior 
border of these hills in such a manner as to form those 
numerous capes, islands, and gulfs^ which are there ob- 
servable. 

I have not seen the plastic clay formation in this party 
bat according to the observations of M. Desmarest, jun. it 
shews itself under the form of black earth, often sandy, 
sometimes clayey, and almost always impregnated with car- 
bonaceous matter. This black earth, of which M. Desmarest 
proposes to publish an account, bears a great affinity to that 
worked for the preparation of sulphate of iron, and which is 
very common in the northern part of the Paris basin, and 
even in the chalky plain, constituting isolated deposits in 
the form of islands or small basins. The resemblance of this, 
black pyritous earth to plastic clay, will no doubt throw new 
light upon the history of that formation, of which it spreads* 
the extent, at the same time that the occurrence of fossils 
characteristic of the calcaire a cSrites in some beds of this 
black earth,* shews that the plastic clay beara a great affinity* 

• I have observed but two places where this earth contains cerithja. ' 
Oiie is at St. Marguerite, near Dieppe, (Seine Inferieure), where it forms 
a small ba«in in the chalk formation. A series of clay and sandy beds is 
there seen, the first of which alternate with a few strata strongly im- 
pregnated with car^naceous and pyritous matters, worked for the fabri* 
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to the catcaire k cerites, as Messnr. Cayier and Brengniart 
hare already suspected. 

• ' The calcaire k cerites formation/f which appeared to roe 
lo Test immediately on the clialk between Damerie and 
Reims, does not furnish any good building stones ; its beds 
are on the contrary loose and friable, as at Grignon, and 
.contain ' an immense quantity of shells. In this system of 
hiUsy arefonnd the fossils, celebrated as those of Courtagnon^ 
a. name given them, because M. de Courtagnon was the first. 
In the Chateau of the same name, to form a considerable 
collection of these shells ; for they are equally abundant, 
mnd easier to collect at Fleury, la Ririere, and Artby, than 
:at Courtagnon. These shells are known to be generally the 
same with those of Grigiion ; it could scarcely be expected 
^hat two deposits so distant, should so resemble each other 



cation of sulphate of iron, and layers of shells more or less broken^ 
anaong'ifi^ch are distinguished many ceri^ia, and bivalves which I be- 
Beve belong to the genus cytherea. 

The other situation is near Ch&teau-rThierry (Aisne), where the valley 
of the Marne affords blackish clay, full of sheljs, among which are seen 
many oysters, cytherese, and. a cerithium resembling that of St. Margue- 
rite. It is very probable that this deposit is situated between the chalk 
and the calcaire k cerite, since this last forms.the surrounding hillocks^ 
nod that the c|ialk is pact witli about 1000 yards further up the valley, 

(Note of the Editor of the Annales des Mines.) 
' 'We visited this deposit in August, 1813; it evidently constitutes a 
part of the calcaire k cerite formation, and its inferior parts are composed, 
88 the author has said, of pure plastic clay, and of plastic clay mixed 
ifith sand, lignite., pyrites, and the shells mentioned by the author | 
oysters, moreover, are there seen in great abundance. It should be obn 
served that this disposition is precisely the same, and with the same shells, 
a^ Marly near Paris, above the chalk; at Vauxbuin, near Soissons, de^-^ 
ptrtment of the Aisne, &c. 



+ Messrs. Cuvier and Brongniart do not mention the calcaire k cerites, 
f<^rmation, in their enumeration of the Parisian rocks (2d edition, 1822)^ 
The following is iheiist given by them : 
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in this particular,* for, with few exceptions, thie same specief 
are distributed in a similar manner. But with respect: to 
preserration, the shells at Courtagnon excel those of Grignoo; 
they are harder, less white, and possess a pearly appearance^ 
resembling recent shells. The cakaire gross|er containing 
them has a yellow tint, approaching more the colour of ochfe 
than at Grignon ; i^i some places it is quite friable, in others 



SECONDARY ROCKS. 

Sub-farmatioru andprmdfa^ 
Formations. Rocks composing them, 

I. Ancient marine formation • 4. Chalk. ' 

TERTIARY ROCKS. 

r Plastic Clay. 
II. First freshwater formation 8. < Lignite. 

(First Sandstone. 
r Calcaire grossier, and the 
IIL First marine formation « .S. < Sandstone that it som^M 

• « C^^c^ ooi^^ns* 

C4. Siliceous limestone. ' 
IV. Second freshwater formations • • • • -J 5, J Gypsum with bones. 

C ' { Freshwater marls. 
"6. Marine gypsum marls.' ' 
fThirdiipper marine sandi» 

V. Second marine formation] "^ 7. < stone and sand. 

' y Upper marine limestone 
( and marls. 
C Millstone without shells. 
VI. Third and last freshwater formation . . •< Millstone with shells. 

CUpper freshwater marls* 

The calcaire k cerites appears to be included in the calcaire grossier ; 
as the author always speaks of it under the former name, I have not 
thought myself at liberty to alter it. — (Translator.) 



• ^ It may be said that the deposit of shells observed at Grignon, owes 
its celebrity to the number, the beautiful preservation of theishells that it 
contains, a:nd the facility of procuring them entire ; but the bed of which 
this deposit forms a part is not wanting in auy place where even patches 
of calcaire a cerites occur, and it perhaps extends to greater distances 
•than is supposed. This is not the place to give proo& of this opini6n$ 
the Grignon bed is found not only in the Paris basin, but also on its out* 
skirts, every time the calcaire k cerites issunkihvough ; this bed, itistrms 
Will not forcibly strike observers, except when, being friable, the irfiells 
n^y be obtained entire, as at Peme; at Yivray, near Liancourt; at Mont 
Ouen, and Mont Javoult, near Gisors $ at Septeuil, to the SW* of Mantesy 
4S^.*^(Note of the Editor of the An&ales des Mines). 
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the {Mifeiidet are closely unitedt; and as these different liatM 
•f indnration are irregularly disposed in the same mass, the 
hard parts might be said to be owing to the infiltration of « 
species of calcareous cement.* Abore this sandy limestone, 
are beds of a compact, white, and solid limestone, alternating 
in the higher parts with greenish marl. I bare not dift* 
Covered any shells in place in this formation ; I only foand 
detached fragments of white limestone, containing the iute* 
rior casts of cyclosto'ma mnmia, and which I belieye, from 
appearances, to belong to the inferior beds^ A stone is 
employed for building In these csmtons, particularly in the 
enrirons of Dormans, containing a great abundance of ceri- 
thium lapidum. It is a whitish fine grained limestone, a 
little cayemous,' like the freshwater limestone, and w^iich 
appears to me to come from the beds between the true cal- 
caive k ceiites, and that which contains the cyclostomae ; as 
it more resembles this last than the common marine lime- 
stone, I should be inclined ^ta believe that it had also been 
formed in fresh water, and that these two beds belong to the 
same system as the clicart of Mantes la-Ville, described page 
229 of the mineral geography of the environs of Paris, f 

* These solid limestone nodules very frequently occur in the firtable 
strata below the calcairv k c^rites, and are seen at Grignon; at the 
descent of Beaupiont sur Oise $ at Meudon ; at Issy. .&c. &c. T^iey 
project beyond the vertical sides of these beds, and often appear as if pe- 
netrated by calcareous spar, which gives a ^diant appearance to their 
fracture. — (Note of the Editor of the Annales des Mines.) 

■f I shall here 6bserve that many geological circmnstances, joined to 
zoological' characters, make me believe that the cerithium lapidum 
ought to be {arranged with the Potamides of M. Brongniart, or oerithia of 
the freshwater formations. This shell, differing very little from PoU^ 
mides Lamarkii, appears to me to possess this peculiarity, that it ocean 
in the last marine beds, and in the first strata of the freshwater formatioii, 
and.that it is the only fossil of the marine formation that rM% ocatn 
in phiee in the freshwater formation. 

I shall to this add that I have observed a potamides at Etampes which 
appears to me more slender, and with less defined tubercles than Potamides 
Lamarkii. I conceive that it may be considered as a separate species, or 
principal variety, that it may be named P. acumin«tU8« It occurs in tba 
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' Th« green marls are coiFered by another limesfotie eqnaK 
Ij white^ but a little less compact than the preceding,' pre* 
senting tabular cayities, characteristic of particular parts of 
the freshwater formation, and containing a great quantity of 
shells, amiong which may be particularly distinguished two 
species of lymness and a small amphibulinra8,'(Bttlimus pusiN 
Itts. Brong.) 

Lastly, the whole is surmounted by the millstone without 
shells, with the sands and clays which usually accompany H^ 
and which coyer all the platforms in the yieinity. 

This order of superposition, sufficiently worthy of atteiH 
tion from the series of beds that it exhibits, is still more 
remarkable for the constancy and uniformity with which it 
appears in the whole of the country extending from Chateau* 
Thierry to Reims* 

I regard all the portion of this country placed aboye the 
calcaire k cerites, as belonging to the freshwater formations* 

white limestone, forming -the upper part of the freshwater formation; it 
is ^peoerally transformed into white silex, anjd oiten attached U* nodulea 
of that substance. 

The true P. Lamarkii occur in the same situation, forming a specieff of 
deposit in the midst of a bed, whose upper part consists of a tolerably 
dark smoke grey compact limestone, and the lower part of a slightly 
agglutinated sand, coloured brown by carbonaceous matter. This bed; 
situated under the white limestone, rests immediately on a thick deposit 
of sandstone, and sand without shells, and may be compared to the slaty 
clay bed described in tke work of Messrs. Cuvier and Blrongniart, page 
823. 

I believe that P. Lamarkii, and P. acuminatus have yet been ob8ierye<i^ 
only in the second freshwater formation, whilst C. lapidum has fiot yet 
been seen beyond the inferior strate of the first freshwater limestone. 

The white limestone of Etampes contains, besides potamides, lymnea, 
planorbes, and a shell, which has as yet been but very seldom observed | 
it is the cyclostoma that M. Brongniart has described under the name of 
C. elegans antiquum. The numerous individuals that I have seen have 
appeared to me always thicker, and shorter than those of the recent 
speciies ; so that I conceive they ought to be considered as a distinct spe- 
cies, which may be named C. crassatum. This cyclostoma has yet only 
been found in the second freshwater formation, whilst the C. mumia is 
ihe characteristic fossil of the first formation. 
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Thia is sufficieptly eYident 'with regard to the beds cdn- 
taiDing Ijmnes, and those of the ioferior white lime- 
Btone, which will easily be refered to the low^r iiart of the^ 
Cari^ gypsum formatioa. But the assertion reqtiires expla« 
nation as it respects the green marls and mill ston^- withoiit 
shells. Messrs. Cavier and Bron^iart, when advancing 
their opinion upon what they have named fresh water forma- 
tionsy have shewn that circumspection which- always accom- 
panies true merit ; it might be s^id that they feitred being: 
reproached for. having given too much importance to* their, 
discovery, by enlarging the extent of this new mode of 
formation; thus they have onjy attributed it to ihose jocka 
whose origin is evident, and have not hazarded ariy opinion 
respecting those in which animal r^ouiins did not exiiBt. Y^ 
now that the idea is more familiarized, and that these for* 
mationsare known to be very abuodant on the surface of the 
globe, and that it may be. said, if the expreflsion be per- 
mitted, that they do not cost nature more than the marine 
formations, now,- 1 say, we. may allow ourselves to speakr 
with mote confidence. I believe, for example, I have 
been able to shew* that the siliceous limestone belongs 
to the same mode of formation as that containing lym- 
neae and other freshwater shells, f This opinion affords, 
a double motive for attributing the mill-stone without shells 
to the same origin ; for this mill-stone is' known, on the one 
hand, to have a great affinity to certain flints of the siliceous 
limestone formation, and that, on the other, it so much re- 
sembles the mill-stone with freshwater shells^ that the authors 
of the mineral geography of the environs of Paris, were at 

* Notice of the existence of freshwater limestone in the departments of ^ 
the Cher, &c. Journal des Mines, tome xxxii, p. 43. 

-f - New observations, which will be published in the second edition of 
our Essay on the Mincralogical Cieography of the Environs of Paris, 
induce us entirely to admit M. d'Halloy's opinion. We have now direct 
proofs that the siliceous limestone forms a part of the first or lower fresh* 
water formation; but we cannot admit the resemblance of the upper 
millstones, whether they contain shells or not, to the flint of the siliceous 
limestone. (Note of the Editor of the Annales des Mines.) 
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e<>ii8iderable trouble to find decided characters to distinguisk 
them. It appears to me that such strong analogies, which 
are not contradicted by any positive factS;^ ought to suffice 
for establishing our opinion. 

The same reasoning might apply in a certain degreeto the 
green marls of the environs of Damerie, which do not con- 
tain shells, and which are placed between the two systems of 
fresh-water beds. I should observe, that I have nevef dis- 
covered traces of the marine formation posterior to the.first 
fresh-water formation to the east of Chateau-Thierry, as if 
the surface of this country had been too much ele?ated to 
be covered by the waters of the sea, which have^' at different 
times perhaps, submerged the plain of Paris ; a very impor- 
t^t fact, and one that deserves to be verified in a greater 
Btlaiber of places. 

The country, the nature of which I have just shewn, is 
one of the finest examples of the ' relations existing between 
geological character and agricultural productions. Com i» 
cultivated throughout the chalky plain ; the slopes of the 
calcaijre 4 cerites are covered with vines, and as this lime- 
stone, almost always friable, has fallen down upon the chalky 
base, the cultivation of the vine extends as far as the level of 
the plain ; the soil of the true chalk is not generally favour- 
able to the vine, and it is right, in order to avoid the error 
resulting from the habit, (when speaking of Champagne) of 
associating the idea of a chalky soil and a country producing 
good wines, to remark here, that the vineyards of Champagne 
are generally on the borders of^ this region. Those which 
on the western side produce the best wines, are, as has been 
seen, upon the calcaire k cerites formation, and those on the 
eastern border belong to beds beneath the chalk properly so 
called, beds on which I shall say a few words at the end of 
this memoir. When vineyards occur in the interior of 
Champagne, they are upon patches upon one or other of 
these rocks, which are found isolated on the trae chalk. 

The fresh-water limestone, and its corresponding marls, 
are not thick enough for any particular system of cultiva- 
tion ; often indeed the limestone beds, from their solidity, 

B 
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ftfnn escarpments too stcNip for Cultivation : M. Desmarest^ 
Jon* hAs observed that the fresh-water marls are advantage- 
oasly emplojed in rendering the chalky soil fit for the 
growth of vines. Lastly, the platforms of the millstone 
formation are conlmonl j covered by forests or heaths, which, 
from this large blocks scattered over the surface, remind m 
of a primitive country. 

The liibits of the Parisian formations, in the part of the 
basin south of the Seine, do not preserve this physical de- 
inaMiation characterizing those of the northern portion. This' 
arises from the changes that have taken place In the geologi- 
dal structure of the surface, changes which 1 am about to in- 
dfcate in a general manner. 

Although we may be accustomed to consider the diffensnt 
rocks forming the basin of Paris, as placed horizontallj' oAe 
ikpon the other, and they rcfalLy appear to be so in the central 
part of the basing we shall observe, taking these formiiUions 
collectively, that they have a southern dip, sufficiently s6 to 
re{>re8ent to a certain degree, a set of wedges arranged like 
tiles on a roof, with this peculiarity, that the inferior wedge 
attains the greatest elevation. 

The first series is, as is known, the calcaire k cerites, the 
most eletated part' of which appears to be on the northern 
extremity of the basin among the hills of Laon^ 300 metres 
above the level' Of the sea,* [984 feet] exactly where this 
limestone is not Covered by any other formution. Quitting; 
the Summit of these hills, the level of this rock gradilally 
becomes lower, dtps under the other deposits, and disappears 
altogether on the south of the Marne and the Seine. 

The second series^ or the first ft'esh-water epoch, which I 
consider fVom what I have above stated, as composed of 
siliceous limestone, gypsum, and the first fresh-water liihe- 
Sfotfes and marls, first shews itself some distance to the north 
of the ,Mame and the Seine; it is not of i<iore than 150 
metres [492 feet] elevation in the envirdns of Paris ; but 
it is probable that it attains a much greater height to the 

* Leimutre, Journal des Mines, Na 35, p. 853^ 



eastward,r«9pecia]]|r towAFfIs tfaeibor^^n jrf Cym^ptgnej^ibli 
foriDiaUoa occupies a.ci9ii8i4eiuble jspaee of a^fiiaiigiilar fortfi^ 
dips uoder the later fcNrjQoatfDDSitJie.saine as the prQcediegy 
(ind.dUappciarsJn tbeqieighboiirbood pf a. line draim from 
NW. to ^JG* lYbicJi ^aH pass by flcmdint^ .Arpajon^ .aiidi 
NemQUFS. ~Tbr<^boat-tbe gi^jb^ paft of tbis .>8HH)lQe,; that 
!&• to «a^, tl^t .whicb is .covered <by ttbe siliceOiiSiliia^tdiie^ 
the <ialcaire,4 ^(^rites is^ as M^fsrs* Colter aiid iBroogBiart 
baye d)80Fy^d,^ ^)tegetb^ waotinf^^ kits, only re^esmt^i^ 
sofiie plaees by the. pljusiic^^lay^ .«eparatiog the tillceblM liiaie* 
stoiye from the cliallf* Tbe forittations of th6 third :Mjot 
a?e difi^rently/ dle^osed fntm iKose . #f ( tjbe tif^ fotm^y- bot 
before;! oorao^i^Bce aqy ob^erv^tionsi ;I should stajtetttef^eo^ 
logical ezt^t to befkenfto it. 

. Mes^, (kivler aiid .Qra^g^iarty with: that ihuB^UMASfte^ 
ciiiQD they ,haye #hewA thipygbput tbeir wock, bate di»t 
tlDguished and charact^risfd • Aree separate rock» betiNcn 
the t-wo^freiEih«t¥^ater'foFiD^^a.; namely^ the marioe iJoHrls 
above: th^gypsum^' the saad; aiod saodstoAe without shells^ 
and the sifperior saB4.taMl:Mi»^stop|e with shells. 1 concenre^ 
that GtpoMderifig tbeserrocksrg^is^rallyyii great fii>rmatiQ& ma/ 
be obserredi coastitiitliBg the second marine ^poch^ of the 
Paris basin. The ^aild and ^Midstokie firitbdat shells aref, in 
reality, placed between two fonpttatioiia^ whose fossil system 
i» nearly r the same* -^he supeijor il ;of the same natuse ai 
the rock vWithput shells, Wibich can.- oiily bb dssiiligoiBbatl 
here : by. thh negative character ;. the: infedor loro»tioa is 
not so different as it would appear to 1)e at first s^^ty at «t H 
bttown; that the- same system may be CalcareoHSinr quairtBOse^ 
according toBitnation ; this is actually the case' in tUs in* 
stffnce, for at Etaples the sand and sandstone withoat slielld 
fest^immMiately ona saikdy. deposit containing inimy sbetlsy 
wheife a great quantity of pectuncbii^ cythereae, &c. may b^ 
distinguished; that is^ th^sanie fesbils aSin the sand^whichf 
elsewhere covers the sandstone without shells. Finally, the 
absence of organised bodies jn . this ;.last mass, is but the 
repetition of. a l^ct, qbservable jn numerous instanetis ^ nsme- 
Ty, that the moluscae diminished and even disappeared ofteit 

b2 
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altogether, in the liquids which deposited sificeous matter.^ 
This second marine fohnation thas limited, is not so conceit'' 
trated as the first fresh-water formatiou. It hegins to shew 
itself sooner northward ; and general! j forms hut thin patches 
on the right hank of the. Seine ; it becomes thicker on the 
loilth of that riVer^ and constitutes those escarpments, ca^es, 
and isles, which form the characteristic features of the coun-« 
try extending towards Fontainehleau, Versailles, Epernon, 
&c.; tills physical character is probably owing to the facility 
with' which water attacks this formation, the sandy mass 
which extended from these escarpments to the patches on 
the right bank being removed. I do not know if this sandy 
formation has been observed more than 200 metres [656 
feet], above the level of the sea ; in other respects, it fol« 
lows the general law of a southern dip, plunges under the 
second fresh-water formation, and totally disappears to the 
south of a line drawn from Chartres to Nemours. 
' ' The second fresh-water formation, with which, from rea- 
sons before stated, I associate the millstones without shells, 
forms the fourth scries. It covers almost the whole Paris 
basin ; but throughout the parts where the inferior forma- 
tions occur, it is often interrupted and not in sufficient force 
to characterize the district ; advancing along the left bank 
of the Seine it becomes thicker, and when once the line be- 
tween Chartres and Nemours is crossed, where the sand- 
stone without shells is seen to end, it forms the only remain- 
ing. Parisian foiinatibn, resting immediately on chalk, as may 
be observed on the edges of the basin ; the deposit of fresh- 
water; limestone is so abundant in the interior as not to allow 
any other formation to appear. This is certainly the most 
considerable deposit of this nature that has yet been de- 
scribed; it is also remarkable for the solidity of the stones 
it affords, the variety of siliceous matter it contains, and the 
quantity of land and fresh-water shells discovered in it. 

* We entirely adopt this opinion of the author as to the extent of 
this second marine formation, (Note of the Editor of the Annates desr 
Mines.) 
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That ps^'t of Ibis. formation which borders the Loire^ and 
la general all that to the south of Mbntai^s, Nenyille, &c'. 
18 covered by a sandy deposit, which inight to a certain 
degree be considelred as a fifth and last series, confoanding 
itself with the sands covering, the northern part of Hhe 
Sologne. This sand is generally composed of tolerably sized 
grains of crystalline quartz, and is accompanied by rouuded 
fragments of the same; roundedr pebbles of white flint 
j^silex) occur on the surface, at least in the neighbourhood oC 
the Loire. I shall return to the consideration of this sandy 
deposit, whose geological epoch I shall however not yten* 
ture to determine ; contenting myself by making knO'wn 
the different opinions that may be entertained on this subject^ 
when I shall in the sequel have exposed' some facts, whipli 
may serve .to develope &ese ideas* 

Jt will be Steeo, from the above, that the principal fonnai- 
tiops of the Paris basin, ^notwithstanding their successive 
superposition, have li r(E:al geographical disposition, dividing 
the country to a certain degree into physical regions, disv 
tingnishable by their aspect, and agricultural productions* . 

It may have been remarked: in the first place, that ;the 
palcaire k cerites forms the greater part of the basin on the 
north of the Mame'and the Seine, and a great band on the 
south of that river, between Versailles and Houdati. If this 
copmtry is. considered in a physical and agricultural ^e^p^ctf 
it will be observed that it has an unequal surface, fui^row^d 
by numerous valleyS) of a dry nature, in w.hich the cultiva^ 
tion is much Tairied, and remarkable for! the produce of ^ 
considerable quantity of irip<e. 

The country between the Mame and the Seine, commonly 
knovn' by the name of Brie, is on the contrary wet and 
covered with marshes, owing tf> the clay accompanying ^h^ 
siliceous limestone^ and the millstone^ by which the- surface 
IS almost every where covered. , 

The sandy formation of thp second marine epoch, has not^ 
fa a principal formation, sufficient geographical extent^ to, 
ponstitute a physical region.; but all the pliitforms whf^r^ it 
pcc^irsy are covered by large forests* 
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L^ Btuice, or tbe grMt i^tform of Areshwa^r finefllbae 
heiwuti: the Seine ibid the Lotto) is fefliuteble for its vol. 
formitf and tk^ almoist excktilve <teltoM of eoyfl. 

Thtt mmdj dieposk covering tile fresliwalei^ MmeBfone, 
fetai a iMUtionlar region on tlie 6B. of ia Beauce, cones* 
pottdKii^to tliO conntry comntonly named G&tinais, Which is 
lour^ wety unprodoodTe, and genen^y cot ered b j forests. 

This* sarnie sandy deposit, mixed with the ikiad of the 
Ijolreyglf«8 rise, along that riiFer from Orleans to Blbi^ to a 
Tineyard so eoniiderable, that it may be regai^d as a snkaU 
pi|y<»i<i>l region, separating la Beai^e from La S^Iogne. 

Whbt has been said oti tfan physkal iMd geographical ex^ 
tent of the pottion of the bssia on tii« sonthi of the Seinfe^ is 
waAdent to makeknowii that of fte Ihiifts of these cotDtries; 
I shall confine myself therefore to a tof^d sketch^. 

it bat bjsen seen in the wort of Messrs. CirHer ami Brong- 
niarty that tlKse limits are oleariy defied between MattiteS 
asrii Bphmon ; as also t» beyond Ont-de-Lodgrol, oA the 
e«it i»f Ghart^^ whewt the r^ht baA of the Volse forkns a 
weU determined iaolinationy formkig the edges ef the Pari* 
slan necks, opposite the chalk plain of the emrirens of 
Gtiaatres. This pliin isj like those on tfie north eif the ^ine, 
loW and eren, rising iowards the hills ef le Perehe. 

Th^se limits afterwards take a 8W. di^etiion) j>s&sslng 
near Bonnevill^ and follow the banks of the Loire, at a oer* 
iain distance j as for as opposite Vendoiae, whence tliey iiend 
towards Blois. There is here no physical demareation | the 
Surfaee of the Parisian formation is almost on the same level 
with the chalk plain, arising from the ilifeiior formations 
hating ceased, as has been aboye stated^ 

It afterwards becomes extremely difiettit td a&sign the 
trae limits of the Parisian PAcks on the sonth Of the Loire, 
b^ctinse they lose themMlti^s ilnde# the Sandy deposit of 
intermediate origin, which I likte ilotited abote* NereN 
theleto some olitcrops and ^tiiirries expose f^shwaler lime- 
stone along the left bank of the Loins, froln filois tO Ct)Sfie| 
but With this difti«tice, tliat the chalk which waS hid in 
the northern part of the fhi^e by saiid, reappears beyond 
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QAkmy and forms well defined eleTatkniB 4m both banks of 
the ilioire, endosing Ihe small tongue of fieshwater Ume>^ 
Vione along tihis i#rer from 6ien to Cosne ; so that the Parii* 
sifm formations 'Whieh so lopg predominate orer the chalk, 
Jirhicfa afterwards- confound themselveis with it under the 
same leve), terminate in the end in a yalley lower than ^he 
chalk 'hills that suQronnd it. 

If, setting out from this SE. extremity, we resume the 
continuation of the limits of the Paris basin, we s^iaUsee 
^at they are not better defined along the canal of Briare 
tiian in the vicinity of the Loire, but ihey can afterwards be 
distinguished on the north of Montargis, and especially in 
ffhe emrirons of Nemours, where the sandstones witbont 
shells appear* , 

Such is thO'eKtentof the Paris basin considered as a whole; 
fpr the different formations of which it is coiiaposed send off 
nnnifieadons of greater or less extent, beyond the limits I 
iiare mentioned. The freshwater formation especially ex* 
tends to considerable distances. I have already had ocoa^ion 
to romarilL, that it extends along the bauM <yf the Loire and 
the Allier, ^d o?er the platforms of Berry.^ Ji. is known 
t» form a new and Tefy extensive basin in the Limagne d'Au^ 
Tei^ne. It is found, but in small 'quantity, towards 'Pours 
and Mans. 

The second mai^e formation also constitutes some isolated 
patches beyond the limits of the basin ; at least I conceiye 
tibat I can refer to this formation, the deposit of white sandn 
stones occurring in the plains of Pic^rdy, and as ikr as the 
departments of the North, amd Jemappe, as also those exists 
ing in the chajk coantry between the Seine and the Loing, 

Plastic c)ay, under the form of black pyritous earth, is 
a^so found in detached patches upon the chalk on the north 
of the Seine ; and it appears that there are other argil laceoi^s 
deposits far distant from the Paris basin^ which, though 
resting upon older roicks, may still belong to this formal^ouit 

The true calcaire 4 ceritea appeac», on the contrary, cir* 

♦ Journal des Mii^es, tome 32, p. 43, 
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cumscribed within the limits of the Paris basin ;. and this is- n 
remarkable cirpomstance in the history of that formation; 
at least I have not observed it elsewhere^ although I have 
made a point of examining the places, where, from minera- 
logical resemblances, this formation has been said to exist, 
and where I have recognized calcareous rocks older -than 
true chalk, possessing the texture and yellowish colour of 
the Paris building stone.* 

I shall conclude this memoir with a few details on the 
chalk formation, though, after the excellent descriptioii 
contained in the Mineral Geography of the Environs of 
Paris, . there remains scarcely any thing to say on common 
chalk ; the inferior strata of this great formation being in 
contact with the southern part of the Paris basin, I conceive 
that it will not be out of place to make its different modifi- 
cations here known. 

Beds more or less differing from true chalk, by their 
mineralogical character, by their chemical nature, and even 
by peculiar fossils, separate this formation from the old ho- 
rizontal limestone, + but approach true chalk by insensible 
shades. The four following modifications may be distin- 
guished in this series ; 1st, chalk with pale flints ; 2d, tuffi^ 
or coarse chalk of ten chloritous ; 3d, sand and sandstones 
of the chalk, which are almost always mixed with limestone ; 
4th, grey clay, generally marly, rarely plasUc, and sopie- 
times containing chlorite. The passages and alternations of 
these different modifications one into the other, does not al- 
low the order of superposition to be determined in a constant 
manner. It may nevertheless be remarked, that the chalk 
with pale flints is generally the newest, and that it precedes 

* This is the case with all the limestones existing beyond the dialk 
belt that surrounds the Paris basin, whether towards Caen, Tours, 
Bourges, or in Burgundy and Lorraine. 

f It appears from a note to a paper inserted in the Annates des Mines 
for 1822, p. 867, that the author included in this << bad name" the Al- 
pine limestone (magnesian limestone), the lias, and the oolite formation ; 
in this case it apparently represents the latter, and perhaps also the lias. 
(Trans.) 
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the cmnmon chalk with dark ^f s, from which it b soine^ 
times not sensibly- distinguished ; that, on the contrary, the 
argillaceous rocks are the first of the. formation, and there is 
even a part of them which belongs rather to the old hori«* 
xontal limestone, than to the older chalk. 

Fossils are very abundant in these different Sjrstems ; some^ 
such as the echinites, are the same as those in common 
chalk ; others, such as ammonites, resemble those in alpine 
limestone ; there are those, such as belemnites, terel^ratule^ 
&c. that are common to them, the chalk, and alpine lime- 
stone ; those that may be cited as characteristic, as much 
for their abundance in these systems, as for their rarity, and 
even perhaps their total absence in other formations, are th^ 
oi4)icular gryphite, and a large shell referred to the genus 
spondylus. 

The immense chalky basin which extends as a gulf into 
the north west of France, presents these different modifica- 
tions of the older chalk throughout its contour, except. towards 
the English channel, where the true chalk extends to the 
sea-shore. Eyery where else the four systems I have noticed 
may be recognized, with this difference, that one or two of 
the systems, being often considerably . deyeloped, mask 
the others, scarcely existing, and alone determine the cha- 
racter of the country. It is thus, that calcareous, sandy, 
and clayey countries, occur within • the range of this fonaa- 
tion. There is also this general difference, that this rod^ 
forms but a narrow band on the^east, from the Oise to the 
Yonne, whilst on the south, and especially on the south-west^ 
it occupies a considerable space. This appears Xo arise from 
the beds, notwithstanding their horizontal appearance, 
having an inclination on the eastern part proportioned to 
the rapidity with which the formation on which they rest, 
rises; hence it follows, that the -same system cannot long 
appear on the surface. In the south-west where the surface 
is lower, the beds, being on the contrary more perfectly 
horizontal, extend over a greater surface. 

The deposit of the Parisian formations is not placed ex* 
actly in the middle of the great chalk basin, for the southern 
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pordons rest upon the older cbalk ; .tut it is extremely ^mm 
cult to SBj where the common cfaitt ends, shice the passage 
df tMs rock faito the chalk with pale ihits is so gradual, 
Hhat it cannot posftiTely he determined where it takes place, 
I conceive nevertheless it may he admitted, that in the 
western part of the basin, the comitries to the sonth-west of 
Chartres, ConiriHe, Yemeuili &c. belong to the chalk wkh 
paSa flints, wluch afterwards forms the belt of the Parfsiafi 
fonnattons to beyond the Loire. 

This chalk differs but litde from that with daik flmts, 
imd sometimes contains subordinate beds, which do not at. 
all diffbr from it; it is generally of a coarser grain, of 
slighter' cohesion, and contains a greater quantity of saii^^ 
sometimes clay, and even chlorite -in the Inferior beds ; it Is 
often adTantageousIy employed to manure lands^ The flints 
are generally more abundant than in common chalk ; there 
are even situations where their mass surpasses that of the 
chalky matter ; their colour is commonly light or yellowish 
brown, sometimes ash grey, rarely black. They now aud 
then lose their mineralogical character, and pass by insensi- 
ble shades into jasper, calcariferous sandstone, and breccia 
or pnddingstone, which notwi^standing their clasiotde ap- 
pearance, clearly shew an origin analogous to that of the 
other siliceous nodules. 

The passages of the chalk with pale flints Into, and alter-« 
nations with, coarse chalk, and the sands of the chalky 
render it also extreirfely difficult to trace a limit between 
these two rocks. But the predominance of the sandy beds 
to the west of the band of chalk with pale flints, which I 
have just noticed^ forms a sandy country, which may be con*« 
sidered as divided into two small regions by a point in the 
shape of a cape, formed by the ancient liniestone in the 
neighbourhoodi of la Fert^-Bernard (Sarthe). One of these 
regions known by the common name of Perche, is a thicket 
country, furrowed by numerous small valleys, and extends 
from the environs of Aigle (Orne), towards Montdoubleau 
j^Inflre and I^ir?) ; th^ other comprehends the ^rid plat-n 
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l^se sands najglit at iraC sight be tsi^eir foi^ an* aiu i M 
M»il, the ladier beeaase, frora tikeir want of adMhevmee', tika 
lugheir {MMilSB \tm% been distnriled b^ water, aad are aften 
nixed with rolled pebblM ; bat whan fSbtm coimtfiea ara 
toore earefvlly studied, we* »0 saea: eoQtiaeed that they 
belong to thcr ancievt chalk fonoati^*! the €\lA baeomas 
coarser and contains more sand the deeper it gets, and the A* 
Ue^ous nodaks oftea pass into the state of calcavifeioas sand- 
stime. This sandy chalk is afterwards seen to akemate #itli 
regalar beds of sand and sandstone, centaining Isssils chasaa^ 
teristic ef the ancient chalk, and the principal mass el tha 
saady rock c»s be disdactly recognized to dip under tha 
chalk. These sands sad sandstones eoonaonly contain caU 
careons mattery and sametimef chlorite; tbeve wi^ soma 
however altogether pure r the greater part are fine gmined 
and imifbrmy othen ara of iaeqaal grains; their colour is 
commonly y^awish, sometimes whitish, rarely blue, red, 
or ferragiaous. This last coloar belongs principally to th* 
sandstone beds passing int<» puddtagstoao, named rotmard 
by the country people, and which occur in the midst of the 
sands. Organized bodies are not generally found in the 
pui^ly quartzose beds, but they are often very abundant la 
those containing calcareous matter ; the most common are 
the orbicular gryphite, and some species of oysters. Am* 
monites begin to appear, or, to speak more correctly, tills 
rock appears to be the last term of this animal's existence | 
it is probable however that when the species of this genua 
shall have been better studied, the ammonites of this epoch 
will be found to differ from those of the alpine limestone ; 
the remains of fish and the knpreflrions of vegetables aref 
also found in it.* 

* This last observation is due to the zeal of M. de Maulny, natunUist 
of Mans. 

I ought to remark before I quit this oountry, that I do not consider that 
all the sand covering the platforms between the Sarthe and the JjoiTe^ 
b«long« exclusively to the chalk formation ; for the presence of thin ;nill-<. 
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. Ln Tonrftii^ ocean to the south of this sandy oountry, a 
region that extends to the coantrj of the andent horizontal 
lilMStMiey which fe met with to the south of Chatellerauit, 
and Chatilloii sur Indre^ and whose surface is formed of 
ooarse chalk* This substance, known in our western de^ 
partmoits by the name of tr^tau is sometimes tender imd 
Drlable; at others, hard enough to form good building stones ; 
its colour is Doost commonly yellowish white, often haTing a 
greenish tint, airising from the presence of chlorite ; the flints 
in it are almost always whitish, often passing into the horn- 
stdAe variety, sometimes into jasper and calcariferous sand* 
stone; Its fossils are very abundant and extremely various x 
the orbicular gryphite is particularly distinguishable. The 
tUckness that the l)eds of tuffii ordinarily possess, the fact« 
lily with which they are worked, the double advantage de» 
rived from them forbuil^Ung, and the manuring of ground, 
bawe given occasion to the hollowing out of immense quarries, 
sotiftetimes inhabited by modern troglodytes. These quarries 
Sonx one of the principal features of this rock, which are 
again found in the tuffas of the MeuSe Inferieure, as well as 
in th€»8e of the banks of the Loire^ * 

The tuffa of Touraine is covered by a thick bed of sand^ 
fofl of wlutish flints, and sometimes mixed with clay, which 
is only the sandy chalk washed by water ;; to these two sys- 
tems' is owing the contrast presented in the agricultural con-f 
ditlon of this country. When the surface is cut into sufliciently 
deep to expose the tuffa bed, it becomes extremely fertile, 
and merits the epithet of Garden of France that has been 
l^ven it. But the platforms covered with sand and flint are 
absolutely ^siij ^ni Qd}y afford extensive heaths.* 

•tone beds scatlered orer some of tfiese plateaux, joined to the exifetenoe 
of a small deposit of freshwater limestone near Mans, rendera it pro, 
bable that there exist some superficial d^[K>sits of fi^shwater sands ; but 
I have not been able to verify this fact in a positive manner. 

♦ The marl, or decayed shells (falun), found on some of these plat, 
forms, contributing, as is known, to fertilize them, is a distinct deposit 
much more modem than the tuffa. . The shells composing it, of whicl^ 
M. de Tristan, an able naturalist, is preparing a description, ppjsses^ 
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' tjL Sologne is known to be a low and marsbj region,* of 
little fcrtilitj-, and of a sandy nature, situated to the south 
of the Loire, and to the east of la Touraine ; its soathem 
j^rt belongs clearly to the chalk formation ; the same sands 
mixed with unrolled flints ma^ there be recognized as in 
Touraine. There is only this difierence, that the surface is 
less laid open, consequently the tuffa is more rarely exposed, 
and lastly, this tuffa is not so well characterized, and more 
approaches the marly chalk. 

Bat the part of this country on the north of la Sandra, Is 
covered by a sandy deposit, the origin of which is not sa 
easy to determine. This sand is the same as that of which 
I have spoken above, as covering the freshwater limestone 
of le G&tinais, that is to say, it is composed of grains of white 
quartz commonly rounded or globular, often very large, some- 
times extremely small; it is accompanied by fragments of 
transparent quartz, commonly white, rarely gfeyish, and by 
yellowish-brown flint, all more or less rounded, and appa- 
rently only found on the surface. . 

An alluvial origin has often been attributed to these sands; 
but according to this hypothesis, the debris of the various 
rocks, of which the neighbouring country is composed, ought 
to be found there, as actually takes place in the true allu-> 
vion of the Loire, where the mica and felspar of the Au- 
vergne granites may very easily be recognized, even in the 
finest sand. There does not exist a country so exclusively 
qnartzose, that the destruction of its rocks should give 
birth to the sands in question ; the supposition of such a 
country entirely destroyed or hid, b much more contrary to 
what we know of nature, than the opinion admitting these 
,8ands to have been formed such as they are, in the same 

many relations in common with .the Calcaire k cerites of Paris. But the 
fabm of Touraine differs from this last formation, in not passing iiito a 
stony state, and in only affording, as Reaumur has already observed, the 
remains of shells more or less broken. 

More or less extended patches of the freshwater formation, are found 
on the surface of this country, either in the state of shelly limestone, or 
that of siliceous limestone. 
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VMUBiier as tbe other sandj rocks^ .whose local formation is 
90W well demonstrated, as well by alteraations with other 
vaeks^as bj the Ibssihtbej. contain. 

The first idna that this hjpotliesis presents, is to consider 
Ae^HUi^S'Of Ih^ Borilieini 8ologue as belenging to thevaacient 
ehalk^ formation, as. also those of the. southern part of the 
saaiie region, of.laTourainq, of le Perche, &c. Theexist- 
Mc^, in these last, of large gniined beds, resembling the 
sand between the Loire and the Sandre, supports this opinion. 
JNit,.>on the other hand, the, presence of these sands on^the 
freshwater limestone of (he borders x>f the Loire and the 
Gkitinais, that of ;imali patches of Analogous jaqds, on the 
same timestoae,. 10 other plaoes nearer Paris^^as at.Etampes, 
at'Rambouillet, &c.;. lastly, certain- relations that iik&j hear 
to the mUlstone formatioq, > night gire rise to the idea of 
their beiiig the last term of the«eeond freshwater formation 
kt, the Paris basin,..SJQch as Messrs. Cnvier and Brongniart 
)ia¥e considered, the sands to be that occur on the top of the 
hills of Longjumeau.* 

X confess'that iam still at a loss to decide.hetween these 
two opinions, ^ and if . I had not comprehended . the. countries 
between the Lpire-and the, Saudre in the Paris basin, I had 
determined, for want, of geoU^cal reasons, from the con- 
sideration of. pbysicai^ec^graphj aloue^ not td dismember so 
natural a region as ia Sologneir It . is proper nevertheless to 
remark* in •. tbis respect, . thai in the hypothesis that all the 
sands of this country belong, to the ancient chalk, it is very 
easy to'conceire their extension over the freshwater forma* 
tion; f<»^ thisdeposit^f moveable matters, situated precisely 
at the opening of< the great water courses descending from 
the mountains of Auvergne, ought to be more disturbed by 
the waters than those which occur under different circum- 
stances ;. and some grand catastrophes, such,r for instance, as 
tliat which has 'OTerwheimed the animalflf^ of the. mari 4u(id. 
grayel, i^ight be sufficient to throw a patt^f these sands oter 
on the little elevated edge of the freshwater limestone 

* Min^ Geo.'of the Environi of Paris^ p. 55. 
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eonntrfj "whete they are bow obserrable.^ It is to causes oC 
this mature that the presence of the rolled tpebbles must be 
attributed,; which occur more or lese superficially iu these 
sands. 

The chalky belt of ^e Paris basin u, it may be said^ 
broken to the east of la Sologne bythe. point formed of fresh- 
water limestone along the Loire to Gosne^ where it ap- 
proaches the ancient.horieontal' limestone ; but is again foun^ 
beyond this point where the last systems pf the format^M^ 
constitute a small physical region, covered with trees, hedges^ 
and meadows, known by the common name of Paysaie, which 
extends from the valley of the Loi^eto that of the Yoone^ 
embracing the greatest part of the country conqpreheuded 
between Cosne, Montaigi^, and Auxerre* 

The surface of this distrif:^. letss even than that of Sologne^ 
mare frequently e^qposes the' different ancieBtehalk sytftemsy 
such «s the chalk with pale flints, the sand, and abote M 
the ' clay, whieh ia most abundaUjti and which^ gives a eha* 
raeter to the region. In the series of these .deposits ene ee- 
ears very remaikable for its eeefnoiAieal utiHty ^ if;- is« tfce 
Pourrain ochre, which occurs in the midst of irregular l^&dSj 
and mere or less mixed with sandy- elayy marl, and even eal- 
careous matter, in which may very-dearly be seen the s^rlds 
of insensible shades that mineralegloally unite the quarti^oSe 
substances designated* by the names of flint, jasper^ « add 
sandstone. 

The clay and sandy beds of la Puj^ie eeane neariy iu tho 
direction of a line from Ch^tlllen sUrLottig tO'«Foigny^;1faM6 
then only remains the chalk with 'paleifltnte, which, 'ou-tke 
north of Montargis and Joigny, tends to approach the t^de 
cluUk, which occurs extremely well charactertzedln the pdllns 
of Champagne to the north of the Yvonne. The space oocu-^ 
pied by the ancient ehalk afterwards- naurows consideraWy^ 
aad forms^ as I have already* noticed^ but a narrow baudex- 
tendiqg the length of Champagne fh>ra the Yonne to the 
Oise. 'JThis band, already described by M> Desmarest, b 
remarkable for its continuity for so great a letigth, and the 
unrifarmity with which it presents itself under the fonU: of a' 
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thyey vallej, bonnded on one side by chalk platforms, and 
on tbe other by those of ancient horizontal limestone ; for it 
is to be obser? ed that the rock of Champagne, which formed 
but a low plain when it appeared from under the Parisian 
hills, frradnally rises, attuns a height that appears at least 
eqnal to that of those hills, and terminates at the eastern 
edge of the region, by a kind of escarpment which exposes 
the marly clay beneath the clalk ; this same clay rests npon 
ancient horizontal limestone, which soon rising to a le?ei 
above that of the chalky platforms, prevents the extension of 
the clay. It also appears, that the property this system 
possesses of being easily worn by water, has considerably 
eontribnted to the valley that it now presents, the more so 
as in the places where this kind of valley is traversed more 
or less transversely by a river course, it forms large swellings 
out, the argillaceous soil of which is mixed with a great num» 
ber of small rolled pebbles, of a calcareous natnrit. There 
occurs among others one of these swellings oat at the place 
where the Mame and its branches traverses it, known by the 
name of Perthois, • and which is remarkable for its great 
fertility. 

Although the ai^giilaceous rock -principally characterizes 
this border of Champagne, the other systems of the ancient 
chalk are not altogether wanting; even the tuffa with chlo> 
rite- occurs, especiidly at Autiy, in the departm^it of the 
Ardennes; but scarcely any flint is there seen, and it is a 
very remarkable fact that the ancient chalk of Champagne 
differs from that of the other parts of the basin, by the same 
character that is peculiar to the true chalk of the same dis« 
ti^ict 

'■ The limits of the chalk formation are too far removed 
irom-the Paris basin, on the north of Champagne, to be con- 
sidered in this memoir ; but there is very near this basin, and 
even at a short distance from Paris, a very small district, 
where not only the ancient chalk is seen to appear, hot also 
the formation or at least the last member of the limestone 
formations older than the chalk. This cant6n, commonly 
called the Pays de Bray, is situated at the confines of the 
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departments of the Oise, the Seine-Inferieure, and the Bare. 
It resembles an island that may be considered as the summit 
of a mountain buried under the great chalky deposit. 

The parts of this deposit in the neighbourhood of the Pays 
de Bray, are remarked, in the first place, to acquire the cha- 
racters of ancient chalk ; between Argueil and St. Sausom 
(Seine Inferieure) that substance is seen which is filled with 
s^ great quantity of blackish green chlorite grains, and ano- 
ther modification of a coarse texture, passing into the state 
of sandy marl, and containing nodules of greyish calcari*- 
ferous sandstone instead of true flints. It afterwards ap- 
pears that the sands and marly clay, forming the . peculiar 
character of the country, rise from beneath this coarse chalk; 
I only say appears, because the moveable nature of these 
deposits, and the labours of agriculture, conceal the super- 
positions, and that^ on the other hand, the neighbourhood 
of the sands and plastic clay of the Parisian .calcaire k cerites, 
would allow the supposition that that formation had ex- 
tended as far as the Pays de Bray. But the presence of 
limestone that occurs in the central part, among other places^ 
at Menerval, Cuy-St.-Fiacre, &c., does not leave a doubt^ 
that the greatest part at least of the clays of this canton be- 
long to the formation intermediate between the chalk and 
horizontal limestone. This limestone, commonly yellowish- 
white, or yellowish grey, is remarkable for its hardness, the 
' abundance of spathose parts it contains, and above all for the 
^eat quantity of small oysters that enter into its composition, 
although there are nevertheless some beds quite compact, 
and without fossils. One cannot very well judge of the 
position of its principal mass with regard to that of the clay ; 
l)ut it is clearly seen that beds of the two systems alternate 
with each other. 

These sketches suffice for recognizing a small formation^ 
very remarkable for the constancy with which it presents 
the same mineralogical and geological characters in very dis- 
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tant coantriesi as le Beny, Lomioey the BouloDais,* the 
tot^ of Calvados, &c. This limestone is every where dis-* 
tingnished by its tenacitj, by its spathose parts, or by a tex<« 
tvre which, mthoat being spathose, nearly approaches the 
4nrystalline state, by the abundance of its fossils, which afford 
beades the oysters of the Pays da Bray, other species of a 
tf«Dsiderable size of the family of the ostracae and of that of 
-b3r8siferi, trigoniae, a great quantity of zoophytes, particu- 
larly madrepores, &c« This limestone is always in the neigh^ 
•bonrhood or accompanied by the clay below the chalk ; Its 
geological position is no where better seen than at the cliff 
named Yaches Noires, on the coast between Honfleur and 
Dives (Calvados). It there forms some beds more or less 
thick, situated between two systems of grey marly clays. 
The superior system often contains blackish green grains of 
chlorite, and passes into the chalk with chlorite, which i« 
immediately above it. The inferior clay is characterized by 
great and wide gryphites (gryphaea latissima),f and rests 

* The major part of the Boulonais consistg of the same formations at 
the Pays de Bray; it is only in the northern portion that from beneath 
these rocks rise successively, the coarse horizontal limestone, then the 
marquise marbles, which I consider as belonging to the older alpine 
limestone, or zechstein of the Germans, and lastly the coal measures^ 
The latter dips again under the chalk, which )>orders this little region 
by a chain of hills in the form of a semi-circle. It is right to remark her^ 
in consequence, that I committed a mistake, in 1808, (Journal des Mines, 
tome 24, p. 348) by referring the Boulonais limestone, which I had not 
myself seen, to the transition formations, abundant in the north-west 
of France. 

f Coral rag, which rises from imder the superior rocks, at Henque^ 
irille cliff (between tlie Vaches Noires and Honfleur), and forms the top 
of the hiir on the east of Benerville, fines off on the eastern part of the 
Vaches Noires ; the following is a section of this cliff a little to the west 
of Oberville, beginning with the surface. 

Green sand formation • * 

Limestone (inferior to coral rag) 

Whitish marl 

Thick oolite bed 

Oxford clay. 
The gryphsea latissima is, I suppose, the gryphsea dilatata of Sowerby, 
which I obser\'ed to be most abundant there; for further particulars and 
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upon the oolite limestone, haring a slaty structure in its 
higher parts, that extend towards Caen.f 

sections of this coast see my paper in the Ist volume of the Geologi<!al 
Transactions, 2nd ^ene^^ The limestone mentioned by M. d'Halloy 
would «ppear<to beloi^ to Cise eoral iti|g«6rl<9^«G(|d dicneforeis notneoq?- 
sarily connected with the clay of the green «and formation, though they 
laiay firequeiitiy '&ihle 'tbgefth^, the iiAehr6tiii^ beds b^ng wanting. 
(Trans.) 

f The upper slaty part is forest marble f the Caen freestones occupy 
the samegeologiciil position vsthe'l^th or gteat oolite, {^trhmji) 
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Extract of a Memoir on thepoasibiUttf of causing 
fresh-water molusas to live in salt-water, and 
marine molusca in fresh-water, with geola^ 
gicaluppliQations. By M. Beudant^ 



Annates des. Mines, 1816. 
Read at the Royal Academy of Sciences, May 13, 18 16^ 

THE rocks of the coontrj round Paris are known to b^r 
divided into marine and fresh*water formations ; this dis- 
tinction has been made because the shells found in the for-* 
mer are onlj analogous with those that exist in the sea^ 
while the shells found in the latter are analogous with those 
that live in fresh-water. 

M. Beudant had however discovered (in 1808), in the 
sandstone of Beauchamp, near Pierrelaye^ a mixture of ma« 
rine and fresh-water shells ; he has since observed the same 
circumstance in a marl bed in the environs of Yaucluse. 
There are, besides, many other shelly beds, about the origin 
of which naturalists are divided, not being yet agreed with 
respect to the analogy of a part of their fossil shells : such, 
among others, is the shelly bed observable in the neigh- 
bourhood of Mayence. 

These considerations, joined with that of the perfect pre- 
servation of the shells, rendering it reasonable to believe 
that they have not been transported, but that the animals 
which inhabited them have lived in the same places where 
their remains are now found, caused Mr. Beudant to con^ 
ceive it possible for moluscae^ naturally marine, to live in 
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fr«sli*water with f^esh-water moluscae; or^ on the ol^er^ 
hand, that fresh-water moluscae could Itye- in salt-^watery 
with marine noluscae. '' 

This hypothesis received some support H'om fhcts Umg^ 
]tnown to natiiraHsts. Many species^ of marine moItisc«> 
especially oysters, cerithia, and common muscles, are-knownf 
to live at the mouths of rivers,^ and evenr at distances from 
the sea, where the water isr fresh^ or at least but raarelyr 
salt ; many marine fish are also known to mount' rivers- to fl^ 
still more considerable distance from the sea, where tfaej^- 
ean never be nnder the influence of salt-water. ' 

The contrary, i. e* the presence of fresh-water moIfiscsP) 
or animals in the sea, does not appear to. hare- been ob- 
served ; nothing is known^ in this respect but some vi^e 
notices of fresh-water fish living in the waters of the Baltie; 

It was of consequence to verify this double hypothesis- iii 
a more precise manner; with this view M. Beudant under* 
took many series of experiments, ah account of whichv he 
had the honour of presenting to the Academy of Sciences. 
The object was : 1. to endeavour to mtike fresh-water mo« 
luscai live in salt-water : % to habituate marine moluscas 
to live in fresh-water* Two other subsidiary objects wer^ 
alsa proposed : 3; to search for the cause of the almost to- 
tal absence of fossil shells m the gypsum beds : and 4. the. 
cause of the moluscas and other organized bodies, living in 
the Asphaltic lake, whose waters contein, according- to 
Lavoisier, 0,44 of saline matter, of which there is only O^Od, 
of muriate of soda* 

He commenced his experiments on fresh-water moluscas 
at Paris, in 1808 and 1809 : and it was not until 1813 that 
he could execute those on marine molusc^ at Marseilles. 

He employed in the whole many hundred individuals, of 
wbich he had previously determined the species ; he kept 
la regular jatmal of his observations, and especially of the 
number and species of the individuals that perished at. 
different times. 

Being obliged to keep these moluscae in vases, where they 
\ ^ere necessarily much confined, and to nourish them with 
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£90^ ps^j^a^f not verjr prppec £o)& tjheoa^; lie wu senj^iible 
iha^ tbate incimvenienctes were tiie eamvi of a rnqrUliij^ 
the results of which ought to be sabtrad^ ^pm the g^nenX; 
toU}, iD) ^d«F. to become exActl)( j^qi^ntpd with th^ nain- 
bi%r of t]^o|^ which perished fEom the ch«ige ia the nsi^iipj^; 

In ^9Wie4!»fi>c^y bjB always t9o|L ^i^jf to.^iiti^ ^^ inor 
^joap^ ii^j^pded for hiaexpewie&^^ii^ Berie% ideo^UcaLaBr 
io iktk ^pieciea aod Bambci^ o( the ipduidiial^* Qne q( 
th^e «er}^ wai^ Mi^ H>^^ T<^ P<?>H>ei7 &^ it, th^ ^l^^r ^nm- 
placed in a diffaieiiJ^wajtiii^; t)ua^;^h^ h^es^genpija^ti^ pii 
^qhri^^^ mf^^m^M i«J?* Wf of.t^s^ awiiiM« to fw*- 
v^^kfr/fQ^eni^Y^ renewed, ajid pul^ tha other hatfin]|^w.4^r; 
^f^ ^lit^ ^Wi d^yees* H^ kept an account. «f^ the ]|^«^ 
ti^f^fT in. both 9«my «wd l|e. cpuMi 07llsequ^D4J judgfr fffW> 
t)|a d^i^^ T^vfl^i' 9f ^^ iWBbfM^.^ indi^idiiaif^ tJM^ p^r- 
bfjhc^ i^f ff^ tj^ B^€^ qf 1^ ^ater^ An iiHrexse pi^qH^j^n, 
l|||t%^^ Wlp#ll'ib9,ei^[|eijuq(^^ 

. Tha tf^Uom^ ^^. the jpiif ci|ka|f wsiilfs pbtaif^i fro^i Ua 
ew^iilpentK: 

!• Fresh-water mqluacij^ perish ijanuediatel^ wbea 
phmgodr tudflenifif^ iqt0 wat^r a^ aallf as 9^r, se%k 
. Mariqe mejui/^a do the saqie whqa suddp^nljf ^vm^ei ioibo 
fteah^^r^it^r, 

% l^Iany fresh-water motqsca?, conld^j ifi, a ipeijt abort 
ivne^ be made, bj decrees ^ Uve. ii^ ^ateit which wM gn^ 
duaUy salted to the ordinarjr siltnest. of the tea** 

Many marine molnscae could also, bj grad^iaJly.difUMiiifih* 
Ipg. the saMness 6f thq waten^ b^ acci]stofn(»d tel^e i^ fre^h- 
W»ter»+ 

* Among the fresh-water univalves, th^re are species, of which, in five 
AontlkB and! a half, 57 individuals only perished out of 100 wid) salt 
watier ; and 54 out of 100 died in the' same time kept hi fresh-water j (al| 
^ lymneasy the planorbes, the physa footinalis, thie. afiiyBa fltiviattlis. 
cyclostoma obtusa, paludine porte-plumet). The difference therefore 
was nearly nothing ; iC was considerable with other univalves, and the 
bivalves w;ere not able to support the change in water as salt as the sea, 
(see article 3.) 
1 i Only ^ to 37 iadividuals inlOQ porished in irvo^raonths^ whibt •at 
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8br TiUsi powe*; of accii8tottiiii|^ tUemselTes to- live in a 
Ifiqbtcb'Qf a veiy diffisreat degree of saltnvfis from that in 
iMehihey usually enist^ if not the same in all nn^luscse. 

Thus^amolf^ theifresli^wate* iifOi«M»^ the bifaWefi (ano-r 
dontsfc, miWy atnd- cft^las)* covtld not live ia water that hadf 
acquired the saltness of the sea-t-((>.04.) 

Ainoog the marioe motuscae^ the- patelhe, the fissurellasy 
the crepidul«^. tiie peeteus, the limae, &c. could not ttOeils- 
tonDtheiiiwlveS' to live^ia fresh- water. 
'.'4. All molttiicas^ whether marine or fresh- water, cau^ 
easily be made to live in water about half as salt at that of 
tka sea,, that is, containing only two parts of muriate of sodii 
iir.a hnndredl of salt-^water. 

5^ Frefihi-w&ter molnsce could nott in any manner be 
aooustomed to liTe in > water charged with miphate of lime. 

' Theauthor presumes that jt is the same with marine mo« 
Iqsqib ; he has not howeEver put them to this test. 

. Ov' Marine, molbscfliican live in waters much more charged 
with salt than those of the sea usually are^. even when the 
wateE. ir saturated with itf they perish howeTer whehthe 
liquid' is over satorated,-and=a deposit of salt commences^ 
M. Beudant made somb experiments with water charged 
i?ithi oarbonic add, mineral acids in small quantities, or with 
0^02 of sulphate of iron.;, he plunged- fresh*- water molusce 
suddenly into it, and they all died immediately. 

Itie author .acknowledges that it would be desirable to 
repe^ti and. execute his experiments, on a greater seal fe; yet 
he remarks that he has tried a numbtr of individuals and a 
great variety of species, and he: observes, that having experi- 
mebted' with vases of a small capacity, and generally under 
Cftfoumistaucies not very favourable to the change of element 
toi which he would submit the moluscae, it is more than pro«A 

of an equal nattiber kept in salt-water frequently renewed, 34 in 1(X) 
died in the same time. 

The author finished by placing, at the end of summer, the marine 
moluBcs, thus habituated to fresh- water, into a piece of water in a gar« 
den, where they were still living hi company with lymneae and othef 
fresh-water moluscsB, at the end of the following April. 
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iMible that there would be more complete success if the opera- 
tions were carried on upon a greater scale | that consequently^ 
in the changes and transitions- of this kind, that are sttp«* 
posed tf> have taken place in natnre, the molnscae may be 
presumed to have been better able to resist them, always 
finding their proper food, add not suffering the constraints 
Qf every kind which must affect them in our small apparatus. 

Supporting himself then by these considerations, and ap- 
plying the results of his experiments io many known geolo- 
gical facts, M. Beudant believes himself able to draw the 
following conclusions : « 

1st.',. Since the same water, whether fresh or aa salt as 
our seas, or what is better, brackish, can at the same itime 
support marine and fresh<*water moluscae, it may be pre- 
sumed that similar circumstances have existed in nature, and 
that it is to^ these circumstances we owe the presence of 
marine and. fresh- water, shells in the same bed,! admitting^ 
what, every thing seems to prove,, that the shells are found 
in the places where they lived* 

M* It may even be conjectured that in the interval be- 
tween the existence of fresh and- salt water in the same 
place, that the water was brackish, and supported at the 
same time animals peculiar to both ; ' that, consequently, 
between the beds formed by salt water, containing only 
marine shells, and those formed in firesh-water, containing 
solely fresh-water shells, we ought to meet with other beds 
formed of the passage of one into the other, containing ma- 
rine and fresh-water shells at the same time.* 

3d, If we could suppose against all appearances, with 
f ome naturalists, that the rocks named fresh-water rocks had 
all been formed under the sea water, the otherwise singular 
absence in the beds of fresh-water bivalves, of the genera, 
anodonta, unio, and cyclas, might be explained by the above 
experiments. 

* M. Beadant refera the sandstone of Beauchamp and the marls of 
Vaucluse to an analogous circumstance. 
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4. It can be easilj cpnceiyed why the gypsum masses of 
all formations, though frequeptly subordinate to rocks fall of 
shells, should never cont^n any, since fresh-water molosca) 
cannot exist in water charged with sulphate of lime. 

5. The absence of liying organized bodies, in the asphal* 
tic lake, if it be really true, cannot be attributed to the 
great proportion of muriate of soda, since marine moluscas 
can live in water saturated with it ; — the cause ought mther 
to be sought in the presence of the bitter muriates of lime 
and magnesia, which . are there in much greater abundance^ 
also perhaps, in that of bituminous substances. 

6. It is not surprising that masses of rock salt never 
contain fossil shells, since marine molnscae perish in salt- 
water as soon as it is over saturated with muriate of soda** 

7. Lastly, if it is admitted that marine and fresh-water 
moluscae can, under xertdn circumstances, live in the same 
liquid, inhabiting fresh or salt-water does not appear to be 
a sufficient motive for establishing particular genera ; theaO 
distinctions of genera can only be founded on essential and 
constant difference in the shells, or, which is better, in the 
animals that inhabit them, when they can be observed. 

* The author could have added another conclusion, from rode sail 
being always or nearly always accompanied by gypsum ; from which it 
cannot be doubted that the water that deposited the muriate of soda, wai^ 
charged with sulphate of lime. (No^ of tlie editor of the Annates da 
Mines.) 
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dti Gatbjbvo (Mm^i^^ of Hauy).* By M. 
■Xkim BtTcm^ Extracted bi^M.de Bovsamj). 

f' ' (AniUilies des Mines for 1816.) 



i^.^guclis i}p9H; tt^^i^^Qi^ ^m^ ^i ^^}^Hfh> ^luited with, 
^jjyilf q j^ qi; ff^lsgi^fV^^. wlth^botlv tbosp.substiipces, a rocl|> 
t§,:ylj^bi 1^: ^af^S9»i *fe« ^»^« ^ Gabbro, giv«a it bj^ the 
Florex|^^« Ia: t)^. viii vji^lnipe qf. tho saoiQ ooUectioa. 
(Berlin, 1815) M. yon Bach has inserted a supplementary 
noflic^to bi& firat memoir. 

^ The gabbro^ spread oyer the ftmr quarters of the worlds 
forming, extensive rock9 and entire mountains of several 
thousand feet of elevation, has, until now, almost alwaj^r 
been misunderstood and confounded with other rocks, under 
the names of granite^ serpentine granite, serpentine rock, 
and griiu stein. 

Saussure was the first to make known the great quantity 
of blocks, formed of jade and smaragdite, found on the 
mountains of the Jura and the hills of the Pays de Vaud. 
He was the first also to describe and class the two substances 
of which this rock is composed, as distinct minerals. Since 
then, M. Haiiy has united jade and felspar. Some miner- 
{ilogists have thought that smaragdite or diallage ought afsq 

♦ Diallagc Rock. (Trans.) 



tQ fta muled; wiih: homblenfb (jMi!ptiibdl^)lt oih^i]^ :wif^ |^. 
sepuFKte gEeeiK dmilftf^ {torn: fi^biHeln span; (dkiUfig^. m^lffi^ 
Uads)^ aod to.fom|,two speei^s^ aC Uhenb M^^KNiBuch 
coDcebse8,.fiiom^tb«:cat«ilioc ilhaM^tfiffi: of j(i4e^ «ii4; «il^^Ve 
aJi &om the clienildal; aiiii1}t6ift viado 9fv il4 ](7<M^ X^epijlpre 
de. Saas^^re, and r^pentedi by Kl|i|ttQ|h^ tjMtt U< Qug1}| aot.ta 
1»e united to. fehpAi^ a*, long «a it is not fQi}pi4 crjuitalUz^f 
ih-forms^ wbiafaL shew ty«vltnmi to; hn,mpes$9rj: .^^h<e* 
\mjEes ahotih^h the cleurage^ aod «ll other ob6er,Tatioii^/a|n 
neody made^ tend to vinlie schUler apar a^id. green diallfig^e,^ 
^jHd,to separate tfae first fnnn homibieode, aod^ the SQcpodr 
{vxMn aetJoblit^ (a<fal«tain):$ thiKS. it is. prefei^ble to ;pr/e- 
t^me. the two. species, such a^ the); are 4etei7nJMa§d bj 
Sbussore, • . ■• . ^ 

. Althongl blockj^ «£gabiMr# ant spreaA.osr^ tbe^Pa)(i. d/^ 
Vaiid: and: thet ewf ironft of (pr^auexa, jLhe posi tiop q( <,bi&^ Dock, 
tvas. not kjicvwn lo tfio . S«is|b 4vlpSf In. 1/397^ M. I^tnive apd 
Bfc iioiiBach.&>undiiii.tb0(vaU«y ofiS^9> near tb^ Ti}lag&o| 
the same name, (in the. Hant V:9im9)^ ai^ QnQrq)o^s qosk^titfj^ 
«£ these hlodks, brought dotwn 47 all the gJadenf, wbipb* 
desoeitd fii^m. tfte n6ighb9wh<M>d of Mont Rqsat; ascending; 
ipwardft the gladu^riof MontMofQ, by, thfi r<pad of Macug* 
naga, in the yallej of Anzasca, they met yifith gabbivo io^ 
ptace before tbi^y reached^ thq giacifeiv Tb^ jade is greyish 
IP^hitc^ exactly resembling that of the Fs^ys de Yaud, and the; 
diaUage of abeautifnl green colour, in pieces \|rhicb are oft^i^ 
bali % fpot Ipqg;;. the rock cpnt^in^ also^smal). plates^pf tf^q^ 
4<:tynolitie io^ littlQ radiated* bmidlQS|. an^; r^ gfifnets. The 
gabbro rests, on mioa slate, aqd.appeavs to form the summit 
of the ridge descending from Mont Rosa,, and separating the 
i:|il}fy of Saas from that of St. N.icola^, n^arjy fka far as 
Stalden, where it constitutes an enormous qap : this rock it 
several thousand fpet in height,, aqd, about two or three 
German miles in length* No serpentiue is foui^d with the 
gabbro in the valley of Saas, but it occurs in that pf St^ 
Nicolas. The heights of Mont-Cervin, and the pyramid of 
Brieiihorn, are known frpn^ Sa^jBHre, to be cqmposj^. of 
«€urp^|]ftin^« .lather Gi^on.iBi)U]|ititti»5^ a, chain ^esj&Quding 
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from Mont Gmnlt, or SaUmont^ and« separating the valley' 
fd Jnlier, from that of Err, appears to be principally formed 
oC serpentine and gabbro, resting on primitiTe schist, and 
constituting a well characterised and eztensiTe formation* 

Crabbro was known io artists^ long before the time of 
Saustare. The Grand Dnke Ferdinand de Medicis, cansed 
anmerooa blocks of it to be ^transported from Corsica to^ 
Florence in 1604, where it receiyed the name of Yerde di 
Corsica, and where, under various forms, it ornaments the 
Lasrentine Chapel ; but none has been since brought from 
thence, and the precise place of its occurrence was forgotten^ 
and it was not till within these few years, that Messrs. 
Muthuon and Rampasse, French engineers, again found it^ 
first in targe blocks near the village of Stazzona, to the 
northrwest of Corte, and afterwards, in place, but always 
accompanied by serpentine, in the high mountains of San 
Pietro di Restino, which form a chain between Corte and 
the sea. Thus there, as in Switzerland, gabbro forms a rock 
of itself, and not a bed subordinate to another. In the 
suite of rocks sent by M. Muthuon to the collection of the 
Administration of Mines, the most insensible passage of 
green diallage into schilier spar, is observable in the speci-y 
menspf]^bbro. 

Saussure describes (§ 1313), a gabbro at the monntain^f 
Musihej:, near Turin, the ihode of occurrence of which he has 
Jkat observed, formed of white or lilack jade, and of diallage 
sometimes green, at others grey; M. Berger notices diallage 
mixed with the semi opal of Werner (silex r6sinite) at Bal« 
dassero, near Ivree : the native magnesia of Giobert occura 
there in small beds. 

A part of the mountains surrounding Brian 9on and la 
Grave in Dauphin^, appears to be formed of gabbro; serpen- 
tine and talcose rocks are known io occur in the same moun« 
tains, which also furnish the substance called Brian^on 
chalk. 

The gabbro formed of jade and green diallage does not 
appear to have been known to the ancients. That formed 
ft jade, felspar, and grey diallage^ has^ on the contrary 
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frequently been worked by tliein. Aattque colamoB formed 
lof this rock, haye, in modem times, been transformed into^ 
▼ases, which ornament the Vatican Museum, and it is pro^ 
liable that the masses from which these columns were taken^ 
^ame from Egypt, as did the ancient granites and porphyries^ 
M. Werner possesses in his collection pieces of schiller spar^ 
(diallage metalloide) with felspar, found by Mr. Hawkins 
sear Famagusta, in Cyprus, who states that the celebrated 
copper mines worked by the ancients at Cyprus, were in a 
irock of this nature* 

Gabbro is common in Tuscany. Targioni Tozzetti classet 
And describes several varieties of it, which he names Nero 
di Prato, Verde di Prato, Granita dell' Impruneta, and 
Oranito di Gabbro* The two first varieties are rocks having 
« serpentine base, mixed with schiller spar (diallage metal« 
Joide) ; tlie iwo others are formed of yellowish white felspar, 
ai^d ^f greenish grey Bchiiler spar with a little j^de« A 
fifth variety is a serpentine rock resembling those of Saxony;^ 
Targioni mentions numerous situations where these rocl^s 
are found in the environs of Florence and Leghorn; but 
neither the mountains of Prato, nor those of Leghorn, b;lve 
been visited bj modem geologists. The old observations of 
Targioni shew bow nyich our gabbro is united to serpentine, 
and how much they agree in position^ since he calls theni 
4i)oth by the name of gabbro. 

The rocks of Covigliano and of Pietramsda are formed of 
jgabbro, the principal mass of which is composed of diallage 
in small grains, of a leek greeii colour; it contains grey 
felspar in small grains, a great quantity of white specks, 
(which appear \o be steatite,' small bundles of actynolite, 
l)rilliant points of pyrites, many small veins filled with cal* 
careous spar, and geodes covered in the interior by trans- 
parent double-pointed rock crystals ; black masses are also 
4>bservable, apparently of serpentine, which seem clearly ti^ 
<0hew the passage ^f gabbro into that rock.. 

Gabbro occurs also abundantly in the environs of Genoa} 
the high mountains separating the gulf of Spezzia from Monf^ 
!,JFe^t, appear to be almpst entirely composed of it« J>u 
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Viviani ohsenrcfd it fn 1800, and desicrtbieid It in the jMinia\ 
de Physique* Its mass is composed of -white fe1s(>ar and 
jade ; dialli^e occurs in 'blackish *^een fragtaenfts^ of a vei^ 
laminkted fextiM, pdsseissing a n^talKc lustre. Dr. ViviaM 
%as observed the relations that exist between serpentine and 
gabbro, which he proposes to TYame seipeittinelgiablte. M. 
von Bndi*had fouild it in another part of the same nfdini* 
taftts in 1799^ w^ere the rock^ become more andent^ s^ th^ 
Recede from tfhe sea. Quitting Spezzia% <fifte grtfiaed grey^ 
wacke is first observed, then a red and black ^ansftioA 
litf^txAie ; Nothing but gabbto is met 'wi(% from fiorghetto 
toMatanara. "Near Sestri it is covered "by «ehist Mi^orkisd aft 
Voofing slate fk Xavagna 'anji ^Chiavari. Lastly^ Sfuissure 
mentions (§ 136t) a species of granite t^mposed of Whit^ 
]s^e, a little granulated, and of laminated grey dialhig^ 
^^^ta^ite) which he foUnd near ^he castle of Inerca, in 
4e Riviera de Ponentai^uCteemng suddenly to th4^ serpen- 
ttfie -and other talcose rodks, which coyer mica kktenem* 

Voitw:* 

* M. von Buch bbs^rves that the primitive rocks of this country are 
exposed to view on the sea coast only, near Voltri, ^t Savona, and at 
Cape Nolis ; but that no more traces of them are observable, either tOr> 
Svards Nice, or in the interior of the country, in the direction of the great 
tnotmtaifib of Piiedmont. Hie opinion of those then, hb adds, Is erroneous, 
who judging only from geographical maps, make tbs Coarsioaa mountaiitB 
*& cbntinuiition of those of Ihe 'environs of Cfonoa^ they unite things that 
are entirely different. It would be as extraordinary to affirm that Gape' 
Corte, formed of granite, is aconthiuationof Cape Delle Melle, composed 
ef btaclc transition limestone, as it would be to affirm that the Vosges is 
a co/nt&lrudtion of the Jura. 

•Waifhldl remaiic, opon t&is hflad, that a 'sitnllar error is committed 
every day by those who make inaps, and by those, who, reasoning firom 
them believe that the mountains of Hunsdruck and Eiffel, on the left bank 
of the Rhine, are the continuation of the Vosges. The chain of the Vosges, 
%ith a direction from sottth to ftoVtii, fohned almost exclusively bf sand- 
•tone'fhMh the Hititttde 6f Sfrasbnrg, %nd diminishing in height m its 
northern parts, finishes a few ieagoes sooth of Mont Tomsere, in the hilb 
and plains of the Palatinat; .The schistose mountains of ^ Hunsdrdck, on 
Ihe contrary, unite themselves with those of the same nature of this 
Ardei^nes, and form a chain, having a direction from S.W. to N.E., 
•Kfe^rated from the PaUtinat by' -the' porphyries of Mont Tohneye, »f 
Greutznach, &c. and by the trap formation of the banks of the Nahe. 
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M. von Buch observes that the geological pcSiiidia df 
gabbro is that always assigned by the Geiman geotogtstttd 
serpentine, and that these rocks are ahnost idwayft found 
near each other, and eten mixed ; it appears to hhtt pStobaMcf 
that serpentioie i» bat gabbro mixed wfth a gi'eat qtfdtttlfly' dt 
talo^ and in which the constituent parts at«, fnym ifadr f^ff 
great fineness, no longer distmgoishable* fle observes, itt 
support of this opinion, that serpentine fs* not a simple tatisif^ 
ral, and that it is an error to assign it t plade in inineratd||E<!lft 
systems, that it contains parts differing from each othei'iti Cd^ 
lour, fracture, weiglit,tmd hardness, and which, T^fiere* they 
acquirea visible siz«, appear as diallage, talc, otidulated 
Iron, mica, &c. : lastly, that Rose hais remarked divide 6f 
chrome as a constitutent part o^ serpentine, thftsM • V^uquelitt 
has also found in green diallage. 

The Zobtenberg, in Silesia, described long Mnce as a 
mountain ot serpentine. Is entirely fonned of gabbro resting 
upon the serpentine worked at the foot of the mountain, near 
the town of Zobten. The same r6ck is fourid in many places 
In the county of Glatz, and inthetnountain of Herthe, near 
Frankenberg ; it is composed of white felspar and grey 
diailage with a fittle jade, and Contains pyrites. M. yon 
Buch confesses that at the tinfie of his travels in Silejsia, in 
1796 and 1797, he cbnsideted thi§ rock as formed of felspar 
and hornblende, thoujgh the waiit of a double cleavage made 
htm even then doubt the correctness of this idea; and thai 
he had in cOtasequen'ee classed it among the primitive green- 
stones '(diabase, grQnstein). Shortly afterwards, the iden- 
tity of this rock with those of Prato and Genoa being 
admitted, M. Kan^en classed these last also with the green- 
atones . (grixnstein) in his Mineralogische Tabellen; but 
^primitive greenstone, says M. von Biich, is composed of 
fefspar and hornblende ; whereas gabbro is formed of dial- 
iage, jade, and felspar. The geological position besides of 
theae'two rocks is not the same; confusion will therefor^ 
arise if they are called by the same lOstme'. 

The town of Vienna is entirely paved with gabbro. The 
old sandstone and limestone pacvements resisted but a few 
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yean the canses of destruction: which the moYement of a 

large town brings with it ; the great hardness and peculiar 

tenacity of gabbro, renders this paTement at present very 

superior to that of all other capitals. It is quarried at 

Langenlois, near Crems, in Lower Austria; there are no 

data upon the geology of this country, but it is known that 

a great quantity of serpentine rocks, mixed with different 

minerals, and, even as it appears, with green diallage, occurs 

on the left bank of the Danube, near Gottweig, and not far 

from Crems,* 

M*. Esmark had observed, in 1802, that the mountains of 

Thron> situated in the eastern part of Norway, between 

Rorass and Fordel, elevated 4000 feet above the sea. were 

formed of a peculiar rock, composed of felspar and a sqb* 

stance whick resembled hornblende without being horn* 
blende. 

In 1^06, M. von Buch found gabbro on the western side 
of Norway, three miles to the south of Bergen. It is com- 
posed of felspar, and grey diallage, without jade. It con- 
stitutes the whole of a branch of mountains, extending for 
several leagues on the right side of Saumangerfiord, and often 
forming precipitous rocks. The mixture is never large 
grained ; the grain is sometimes so fine that the diallage can 
with difficulty "be distinguished; but elsewhere, and more 
particularly on the side of a lake near ELaliandseid, the 
crystals of diallage are often the size of the fist, their greenish 
grey colour, and the lustre they exhibit on a single large 
surface, easily distinguish them from hornblende, beds of 
which occur near in'argillaceous slate. Gabbro reposes here 
on primitive argillaceous slate that rests on gneiss. 

The same relative position occurs in the neighbourhood of 
the North Cape, in the isle of Mageroe. The rocks are 
there so much exposed, that the changes that take place in 
their nature are easily observed : and a complete geological 
passage may be traced from the primitive schist to large 
grained gabbro. The nearest schistose rocks that surrouiid 

* SUiu oryctographie von Nicder (Esterreicb, p. 228* 
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tlldff* 'ti\m6st fMMiible ni\ttL sifit^; fb«y dip impidly toWatd^ 
the N.W., that is, tdwatfds ^tiie Thte^tof df tfce bfand, aiid 
f hdB ser\:& ii» ft hk^io tk^* mher fitekis of it^hith the island 
in cdinpo8ed« A fine grikiefd gratilto is <>b««rv«d upon thl^ 
heights, resting upon the tfchist^-^thts granite contains sonie 
vcatte^ed plkcev of bladk mica, with anabiindbiide ^ horrti 
blende. Diallage short) v Appears as a con^titnent patt of 
the granite, ttnd in a few tiibre distant rocks the 'gMiUfcf i^ 
changed into a'flrte grattied gabb)'o. Further '9t1il, toward^ 
tbe eenti^ of the itrlaiki, gabblu forms masses of 1400 feet ill 
hefj^. It H Yt^ty Ikrge grained, aiid altogetber resietmbfeil 
that of Zobfenberg abd PrUto. The grey diallage has i 
laiffinated stractdre and is Very shining, itnd a little ■ ebiii 
choidal in the cross fracture ; the ci^stals «re Often ^dd 
almost perfect, anil iA the fbrm of a four^^ded pristii temii*< 
Hated by a four-sided pyAmidv The diallage resists de<^ 
composition better than the felspar, and fortnt li^tlient 
crystals on the surface 6f the blocks. The extreme rocks of 
the North Cape ate fbnbed of gnei^ in rery thin !amhi»; 
appat^ntly smbordlnate to mica ikte, tbefOCk general) y^ ob- 
servlible oh these ooa8ti. ' 

It will be ob^erted thut gid)i^ rei^ on primitive schist 
in the Nb^th; We have seen it kt Gtmoat under fran^itioA 
ahite ; its geok>gfcal ptebe appeart thei^fOre to be wdil de- 
termined. 

It seems also that gabbro occurs with serp^itl^e in Nor- 
way, which- accompanied it in other situations. This df- 
cumstance appears to M.Vtm buch to be easily explainied; 
he considers serpentine, as we have seeb, to be a mitture 
of different minerals Undetei'ihiiiable from their small size. ' 

M« da Humboldt observed gabbro near GuancaV^lics^, 
above the Havannah, in fhe interfor of Cuba, as also widely 
extended masses of serpentine containing a great quantity of 
schiller spar (Diallage met^lloide). 

Gabbro ought therefore to be considered as a rock widely 
spread over the surface of the earth, which foi}ow9 next^ 4n 
the series of formations, to primitive schtat, and is aoteito' 
<0 porphytfk The gitbfrrO'ftMriHirtloirfe intlttiately ebOneeteil 
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<geologicftlljr cokuUkpA) witli tke levpeadiie foAnatioD, and 
the laftt to tfl genenl nterior to the fanner. 

IVhctt extncttnf from M» too Bach'« meaioir) we hate 
tfiwoght it right to preserre the aame given b/ hioD^ (after the 
Florentines) to tlie rock of which he tfeatif hat we r^eat^ 
this rock to the one descrtl>ed wider the name of Eoj^iotidef 
by M. Ha&y b hU lectures^ and by M. Bnmgiuart fai bto 
essay oo the classiicatkm of rocks.* The tenn gabbro lias 
iDWfover been applied to ^< amphibole honibleiide."f That 
of Sunssarite^ which has be^i proposed for jade, and wliich 
coold scarcely be adopted for that sabstaneoi whose prSsent 
name to so uniyersally spread) would perhaps have been per« 
fecUy suitable, applied to a rook hitherto undescribed, and 
to which de Sanssore had jnst called the attention of mine* 
lalogists. Gabbro or enphotide esis^. .wit)H>at doiibt in many 
other countries than those whero .l|f.-Ton Buch has obserred 
it. It appears to ns tliat it hu^u kk the case of $ilesia, often 
been described by tlie German mipioraloglsis under the name 
of primitire greenstone (griBStob)i many of whom, as we 
baTO before observed, believe that diaUage and hornblende 
ought to be conridered as a single species* We riiall cite as 
examples the greenstones of Harcobitiiger forst, of Baste, of 
the valley of Radan, kc in the N.E. part of the Harts. 
These rocks are certainly^ or at least In part, euphotides. 
It i& remarkable that they are associated with serpentine, 
containing schilier spar (diallage metalloide) so well known 
under the name of scbillerspath or schillersteia of the Harts. 

Enphotide and serpentine luve been observed at the west* 
em extremity of Cornwall ; the Lisard point is formed of it. 
Observations on thto suliject are contained in Dr. Berger*s 
memoir inserted in the first volume of the Transactions of 
the Gedlogical Sodety of London.* 

* Joamal des Mines, No. 199. 

f Memoir on Basalt. Joomai de Physique, 1787. 

* Professor Sedgewick has published a detailed account of the diallage 
and other rocks of the Lizard district in the 1st volume of the Cambridge 
Fhilosophical Transactions. A description and cdoured map of the 
ssmt d|iBtrici u given by Mr. Ma^tadis ia the 1st volmbe pf the Transac 
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tiiou of the Geological Society of CoiiiwbU, md in Uie Snd volume of 
that work, there are some obwrvations by Blr^ nof^en on the same place* 

Dr. Mac Calloch mentioni diallage rock (ClanififBatibn of Rocks, page 
645, &c) at abounding in the islaUdi of Untt, Baka, and t^etlar, and at 
occurring alto, but in very tniil qnantity, in the northern extremity of 
the Mainhind of Shetland. In Untt and F^ttlue it it in contact with aer^ 
pentine. The diallage rock it detcribcKl at ttlratified^ axid alternating 
with primary tchistoae rockt, and terpentine. 

Dr. Mac Cullocb, in hit tynopeit pf thit rock, (p* 649, &c.) teparala 
it into three divifiont, at followi. 

First division. 
Simple I or of diallage alone. 
A. A confused mixture of crystalt of dialkil^ 

Second division. 
Compound) of two tngredientt. 

A. A mixture of diallage and felspar* 

a. With jilaty felspar. 

b. Ifl^fttitogiwmlfirfebpAr. 
c; ytt&k dtei|MCt febpar, 

B. 'Dii^^igeandaeCinoUte. ; v^..^;:: 
C. Dialliige and talc, or chlorite. !.).'.-. 

ID. :Di#Uage and terpentine.; , :.v 

Hurddiviuoii. . ji .V- ■,. ■ . (, : 

Compound: of three ingimliMitk \ 

A. piallai^ febpar, and mica. 

B. Dialia^,.£ltpar, and (|u«rts. 
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Memoir an the Mountain of Roek Salt at Car 
dona, in Spain. ByM. P. Louis Cordier. 

(Amalw dw Miaoi €» 1817.) 



THE description of the rock salt modiitaia of Cardona, 
should equally interest natural philosophers and mineralo- 
gists. The perfectly insular state of this mountain, its great 
mass, its peculiar forms, the actual position of the beds of 
pure muriate of soda, of ighich it is almost exclusively com- 
posed, are, without doubt, well worthy of attention ; but 
the most remarkable circumstance apparently is, that such 
a mountain, exposed since its formation, to the inclemency 
of the weather, should have resisted it to this time, and 
should not have sensibly diminished in size from the earliest 
records. Its existence does not agree, it must be confessed, 
with the common hypotheses, which suppose that high moun- 
tains, and in general all the inequalities on the surface of 
the earth, are subject to a rapid decrease. This mountain 
is moreover as much celebrated in a picturesque point of 
view, as it is little known in a scientific respect. It has 
always been regarded as one of the most singular curiosities 
of Spain ; nevertheless it has been visited but by few miner- 
alogists, and the best notice that we as yet have of it, is that 

* This memoir, read to the Society Philomathique of Paris, March 2, 
1816, is printed in the Journal de Mij^que, vol. 82, p. 34S to 358. 
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given hj Bowles (m 1775), ia his work, entitled, " Intro- 
dacc'iqD a la Histoiia Natural y a la Geografia fisica de 
fispanna." 

The small town of Cardona, which lias giYen its name, to 
the mountain of salt, is situated in the interior of Catalonia, 
sixteen leagues from Barcelona, and seTen leagues from the 
central ridge of the Pjrenean chain* It is built upon a 
platform constituting part of the heights that border the 
right bank of the Cardonero, a small river flowing towards 
the south* ii*rom the barometrical observations of mimj 
days, calculated with corresponding notes made at Barcelona, 
M. Cordier found that the soil of the town of Cardona, at 
the foot of the walls of the castle, on the eastern side, was 
elevated 411 metres [^1,348 feet] above the Mediterranean. 
He moreover observed that the same spot wad 138 metres 
[452 feet} above the mean height of the waters of the 
river in that part of the valley. 

The elevation and commanding position of the castle of 
Cardona, make it a favourable station fbr observation. A 
person placed on its walls, sees without obstruction over an 
immense extent of low mountains, all of secondary forma- 
tion. These rocks rise, on the north, gradually towards the 
highest crests of the Pyrenees ; on the east,, they disappear 
at a distance under the platforms of San Miguel del Fay, 
which are entirely calcareous ; on the south, they stretch 
more than ten leagues^ and serve as a base to the singular 
system of sandstone and puddingstone rocks, that compose 
the insulated mass and grotesques passes of Mont Serat; 
lastly, the J extend towards the west^ and compose a, part of 
the elevated surface of Aragon. 

The salt mountain appears as an outwork in the midst of 
this vast extent of country ; the observer sees it in S4nd& 
measure beneath his feet on the south east ; be recognizes it 
by its insular character, ita sharp forms^ by the hollows 
(efPondremens) partly surrounding its base, and above all by 
its red and white colours, the vivacity of which conttasta 
with the grey and sallow tints of the secondary rocks. 
These rocks form an inclosufe round the mountain in (Be 
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shape of a hone-shoe, which opens towitrdB the east Into tire 
yalley of the Cardouero, and whose short axis is nearly frMii 
east tfi west. The town and castle of Cardona ar^ situated 
at the extremitj of the northern branch of this hotae-shoe. 

The inclosnre is about three kilometres [9837 feet] long^ 
and one_ kilometre [3273 feet] broad. Its.circumference al« 
inpst eVerj where aflfords rapid slopes, or abrupt escarps 
ments ; its edge presents slight inequalities, die eleTatlon of 
which differs little from that of the town of Cardona. 

The mountain of salt occupies about tw'o^thirds of the 
area of the circus^ beginning at the back part; its height^ 
above the Cardonero^ scarcely exceeds lOO metres ^3^ 
feet]] ; so, that its mass is hardly higher, or broader than 
Montmaitre} iieai^ Paris^ although it is about one third 
longer. 

Its general form is that of an irregular maiBS, ekmgatied in 
the shape pf jm ass's back^ presenting escarpments more or 
less abrupt mmaiijr jpboel. The superior pbrticinf k lirislled 
by nnmerpujs projecdons, shibpi points, and crests l' many of 
the slpp^ aire here and there eneuimbered by eairthy matters*; 
others, more iancovered, preset *iiiteqtialitfes a little less 
defined thaih thmie oif the sutnmit. Ill 6rder finally to make 
this pejeu'liar jponfignration beher understdbd, ii may be 
added, that it bedirs a great resemblance to ptias in irelief of 
the lligh Alps. ' 

The bottom ojT the •eail*cli^lar basin, separating ttie 
motti^tain Y)rQm the sides of the cirbus, prewnts numerous in-^ 
equalities and bdjloiv's |[eibndremen8) "of greater or less 
extent; here and there are se^ the ruins of Secondary 
|t>cks, heap^ of soft cji^, and sharp ridges of gypsum or rock 
salt. 

Puring raiiiSy the grejmter part of the waters of tbe circus 
form twosifiall torretits on each side the moudtain, which 
unite on the eastern side, an4 flow into the Cardonero. The 
remainder of the rain water flows In an opposite direction 
and loses itself in a TasthpHow- (effottdretnent)' situated on 
the north west in the farthest part of the ihclosnte. 
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. The almoft total absence of Tegetation on the niouiitatnr 
facilitates the studj of its composittoii and strnctore ; i^ will 
n#jt he ashless to add, that M. Cordier visited this place in 
th^hest seasim for obsehratioji, that is, at the beglDning of 
f ipiter* 

IPIrttse, first data being laid down, we shall enumerate the 
vi^^iconiposing the mountain : they maj be arranged In six. 
pjnncipal diyisions, viz. 

. 1. Rock of perfectly pure muriate of soda^ rtry large 
grained, semi-transpiirent, and colourless. The grains .are 
quite c^lear; someaie found so large^ that, bj mechanical 
division, . cubes of two decimetres [nearly 8 in.} may be 
formed* 

^ Pure muriate of soda, the mass small grained, nioi:ci or 
less translucent* Its. principal colours are greyish wMte, 
pearl gfjey^ reddish white^ flesh red, jir ine lee red, and brown* 
ifih led. . . 

3* Impure muriate of sodya^ mass granular, which would 
<nter into the preceding diTision, were it not mixed more or 
1^ ahnndiHitly with, either gf^y. or blueish clay^ or with 
Yery si^alU white or reddish, crystals of common gypsum. 
This last ipHxtnre .gives a pofphyritic structure, to the mass* 

4* Grey cff, bluish clay; it is jsofuetimes pure and slightly 
8chi9^9C,;at.f>thers porpb^ritic from the mixture of a great 
quantity of small common gypsum crystals, that are some* 
times, grey and op^ue, at others colourless and transparent* 

$,, Qpoudion gypsum, the mass small grained; itis^paq'ue; 
i||i white, colour^ofteu approaches girej QV yellowish: clay 
disseminated io small quiintitiei is occasionally found iu it, 
Sf^e sfoalLTJEure graios ojf grey lami^Vfuc carbonate of lime 
also occur* 

0* QD|ai|n^,gypsttin, mij^ed with Sfuhydrons gypsum; the 
imuu is gf^n^r passuig iutp^ampiict; thU kind in other 
respects x^seqiUbles the precediug* 

: Xhefeditfereot materials occur in yery unequal propor- 
tionjit* ./T^e. small grained pur^ muriate of soda (No* %) may 
be estimi^e^v&ipie to forut seveurt^uths. of the mountain. 
The impure muriate of soda and clay each constitute about 
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tw«*t«n^s. The gypsiion and perfitcti j pure r»€k salt (No, 
I) aimdaftt scarcely to a tenth. 

• «19iis mode of compesltion i§ wfthoat doabt worth atten** 
tioo, b«t the stratifioation is still mom so ; th«s all the ma« 
terials of the mouDtain are disposed in parallel and vertioal 
beds^ havitig a direction from E.N.E. to W.S.W. that is, 
according to that of the crest stretching througli the middle 
of the circus. 

The mean thickness of each of these beds^: thus placed on 
tiieir odgef , may ?ary from one to m decimetres [aboot 4 to 
34 inches] ; some are fonnd of nojt more than a centimetre 
[73- ipch], whilst others attain a thickness of seven or eight 
niettes, [aboat 23 to 26f feet]. Many saline strata of the 
same sort are often in contact^ they then can only be 
distinguished by their grain and the contrast of their colours. 

This order of stratification is variously modified ; some- 
times the thickness of a bed varies considerably in different 
pasts of its course, thus presenting exact paralleJism; some- 
times the planes are shifted in an opposite direction, pro^ 
dncing various inflexions in the lines of direction and dip. 
These irregalarities do not alter the general order. 

"So order has been observed in th^ intercalation of the beds 
of different kinds. Tljiey appear to alternate with each- 
other in no settled manner. All that may be said -is, that 
the day is most abundant on the northern side, and that its 
opposite side <20iitains scarcely any thing but muriate of soda. 
The gypitum beds are not mixed witih th^ rock salt ; they 
occur interposed between the last clay beds on the north 
side. 

Some of the steepest slopes of the mouataij^ are cut by 
fissures, so wide tbat they may be entered to the depth of 
some metres. In thejse ragged places saline concretions are 
found, sometimes tubercular, at others in manpillated jplates ; 
they produce a fine efiect from the contrast their brilliant 
white colour presents to the tints of the coloured bases over 
which they are scattered. 

• The perfectly 'pure and transparent rock salt beds ar^ 
almost all united on the E.S.E. side of tlie mountaiu ; they 
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there form two appendices of little elevatfon, which are only 
remarkable because they constitiite what iS properly termed 
the salt mines of Cardona, and are the seat of the works 
carried on by the Spanish government. 

These works are the more important as they require but 
little expense. We shall present an idea of them in a few 
words. 

The workings are carried on in open day, by horizontal 
cuttings in the shape of steps. Every step is one metre [about 
3 ft. 3 in.] high, with a similar width. Their length is gfeat 
enough to allow of ten miners working in the same line^ 
Sight cuttings of this kind are formed one above the other. 
The rock salt is first blasted by gunpowder, and afterwards 
finished with the pick axe. The moderately sized parts only 
are carried away, and are ground in a neighbouring houset 
The salt, after having been washed, is, without .any other 
preparation, sent to the government magazine. It is stated 
that salt to the value nearly of one million of francs is 
annually sold. Without entering into more details, with 
regard to the advantages derived from the workings of rock 
salt, we shall again take up the description of the mountain. 
It has as yet been considered as insulated : it must now be 
considered with regard to its relations with the secondary 
rocks that surround it. . 

The stratific»tion of these rocks is not less easy to' observe^ 
less evident, and by contrast less remarkable than that of 
the salt mountain. All parts of the secondary strata rise 
towards the centre of the inclosure, that is, those on the 
north under an angle of near 50^, and those on the east and 
south under i^ angle from ^O*" to 30* ; so -that supposing 
^em to be prolonged, they would cover the vertical edges 
of the saline and gypsum beds. 

It is necessary to walk along the foot of the escarpments 
in the circus, in order to observe the immediate superposi- 
tion. The base of the salt mountain is seen in numerous 
situations to dip and disappear under the strata of the 
.secondary formation ; the heaps of dcHbris of these same 
^strata elsewhere shew that they have fallen and crumbled in 
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cooBeqii«Boe oC tli« waseemn deitnictioii of their ortgiiMd 
pdats of sapport. The iBperposilion is the lets equivocaly 
as whenever it may be Terified, the strata of the two rocks 
aie seen tending to cut each other at angles asore or less 
approaching a right angle. 

The composiiion of the secondarj rocks presents a 
contrast equally striking* The following maj be distin* 

gobbed : 

1. Micaceous sandstones of a grej colour^ composed in a 
great mea^nire of large fragments of quarts and granitic slatjr 
rocks; the J are Yerj hard, and well cemented. 

% Red fine grained micaceous sandstone^ possessing a TOiy 
compact texture. 

3. Red, green, and grey argillaceous schist, coannonlj 
covered with small scales of grey or white mica, placed in 
the direction pf the laminie. 

'4. Hardened schistose clays, sometimes altogether soft ; 
they are greyish or greenish white, or even reddish brown. 

5. Compact limestone, of a sciUy fracture, of a dark grey 
colour, soipetimes a little greenish ; it is often mixed wiUi 
portions of green schist, and suddenly with some particles of 
mica. It has no bituminous odour : M. Cordier was undble 
to discover auy traces of marine bodies in it, not only. In the 
environs of Cardona, but also in the other places in Cata« 
Ionia where it occurs. It is nevertheless probable that it 
contains them, though they are extremely rare. 

6. Argillaceoas limestone, of a grey or greenish colour, 
often abounding in bunches of mica, without bituminous 
smell, sbelley, and affording but rarely veiy slight renuuns 
of carbonized vegetables. 

These different rocks alternate indifferently with each 
other, but in such a manner that the sandstones predominate 
in the inferior part of the system, and the limestone in 
the upper. 

Thus, as has been said, these rocks not only constitute 
the environs of Cardona, but also a great part of the surface 
of Catalonia. They occur every where with the same cha« 
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nicfefi, biit affect Tariabte dlps^ abd op]ioiit« Aceotiimi 
these iapB rarely exceed 30» or 40* ; the. most higlilj Im^ 
cllfied, that M. Cordlisr obsenred, are seen at Suria^ e i^Blife 
sitiiat^d Ml the left bank of the Cardonerb, tw0 jBTvfMieters 
[about 12^ miles] beiow Cardona; the Itmettoae beds riseat 
70* towards the N.N.E.; thjey possess the peculiarity of 
cdAtainiiig a bed of poor copil, one nietre. £iboat 3 ft 3 hi] 
thick, pa«allel with them. . 

From the characters presented by the system of rocks 
cot^itg the base of the salt modntaln of Cardona, M« 
Cordier considers it as bei^giiig to the most ancient forma- 
tion of the secondary locksw 

.Considering nMNneever that the strata composing this sys- 
tem aresiiet tsonibrmable to those of the salt mountain, that 
•ti the CMlraty they cut each other at nearly right angles, 
«r as ieparate formations, that the superposition is eyidently 
«on-c6ftfoittiii^le (trausgressiVe), he concludes tliat the salt 
and^ gypsunci' rocks of Cardona belong not 6nly- to an anterior, 
but also to ajji absolutely distinct formation, and that it 
ought io be reglirded as one of the intermediate (transition) 
series* 

In order to strengthen this important conclusion, M. 
Cordier quotes the results of the obserfattons he made in 
1804 and 1^0, on the position of the gypsum rocks of Moui 
CeniS and the Little St. Bernard ; results tending to proTfe 
that these rocks, sometimes composed of common gypsum, 
'sometimes of anhydrousj at othiers epigone, or mixed with 
liitratc of soda, form true beds, often yery thick, which are 
incontestikbly subordinate to the transition series, wfiipfi 
forms a large portion of that part of the High Alps.* 
'' ' M* Cordier afterwards treats of4he HnpercepHble decrease 

of the salt mountain of Cardona ; he examines the confirmed 

■«. ... .'i'> '■ ' ' ■ 

* In a subtequent paper hy M. Brochant de ViUiets, will be found a 
diaunieiiluxsoiunt of the gypsum in the Alps, ftom which there are Very 
8troiigTeasoifr for supposing' that many, if feuoft all of them, belong^to tie 
aidiiefona^ 6r: new red siUidsMne a^fiesV ' wmI eike ■ ^efef<ire^ ' Modbdaiy, 
though the auUior does Qot consider them to be of that epoch. (Trans.) 
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fMJiidiott of the oonntiy. OQ the ssbjeot* He estiniiAtesy 

iironi tmt ^xpertMinby tlmt tbp nin water flowiog down 

-thft sidv of lli« DMHiatua, ought mrelj to acquire a saltnesf 

greater tl^ui 4?«- He finds that the specific gmyitj of the 

loek salt of Cardooa, in cvbtc and dear pfeoes, determined 

wHh tha essential oil of turpentine, is ^.10G7 .<that of dis- 

killed water being 10)* Laatlj, supposing that IhfMt an- 

noally falls at Cardooa, eight decimetrea of raioy and ad* 

nttting that each decimetre acqqires a saltness of. 4% he 

determines, by a simple calenlation, that the eight /Denti* 

-netfes ooght annoallj to carry awaj from the upper parts 

of the saline mass a thickness of 15 miUimetreSy 20 hear 

:dlredths of rock aadt ; wheeee it follows that the monelain 

flsly diminishes IB% ceetimetrts 6 ienths (5 feet^O incboe, 

J lines English) in a eentory. M. Cordier only offem thii 

ea a fair sketch, from which it may easily be enderstood why 

4he deciease of the mounlAiii of Cardoaa has al wiiys appeared 

jmporc^ptihl^* 

We shiUI finish with the followiog sammary of the prie* 
«ipal geological re^iiUs of M» Cordier's aiemoir. 

1. The saline and gypsom rocks of Cardona occnr )n Ter- 
]tii;albed». 

9L This system is covered by the most ancient seooedary 
b#4s, whose seperpositicHi is noBMronformable (tranqgres- 
dve.) 

9. From the nature of this sgperpositioo, the gypsma 
and lalt beds are, withont doubt, of an era, not only an- 
terior to, but altogether dUtiact from, that of the secondary 
^d^ 

4. Pure and occasionally salifofo^ gypsum occurs in the 
JSigh Alps^ and iucoute^taWy fovma part of the transition 
feiie*** 



« The Mljferons gypsum of Bex, to bng ooiM«der9d at « «kekb(t ex- 
MBflt •f the oocunrenoe of such rocks in the transitiOD Haiwt^ baa heen 
ihiewn by Pto^Msbr Bucklaad to beloni; to the saUferous, of new red 
fandatoiie formation $ it would be sMich moare in accordanoa with whftl 
ipre luM>w of.tl^ ^wral gwlogiwl position «f rack «alv ^ «oinider that 
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5. These saliferous gypsam rocks possess marked analo- 
gies with the system of Cardona. 

6. From the preceding data, this system ought itself to 
be considered as forming part of the transition series. 

7. Hence it follows, in the last place, that another forma- 
tion of lock salt and .gypsum, must be admitted ia geologic*^ 
arrangements.* 



r 



cf the imMiiitaiii «f Ciurtioiia a% ^Mstituthi^ |Kurt of the uUHbrotti, «r liew 
red sandBtone fbnnation, which surrounds it. It is possible that the ver- 
ticd positibti oi^ the salt beds tttfy be occasioned by Soitie coatoni6fi ia 
that f«NrmatioB, as the beds on either sidtf rise towards the ridJiijB ^f-^the 
mountain. The only fact against this hypothesis is the non-conformable 
p<MHi<Mi of the^salt bed# atid new red sandstond ki thosd pUcJi* its. the 
valley where they may be observed in contact. (Trans.) 



* An account of th^ siil mimm at eimteaaMiiii been given by Dr. 
Traill, in the 3d volume of the Geological Transactions, p. 404 to41£» 
(Trans.) . , ., 
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Observations an the' farmatkms 6f Amiieni^ 
Gypsum occurring in the Alps, particularly 
on those considered as primitive ; preceded by 

' new facts rdatioe to the tranMwn rocks of that 
chain. By M. Bhocbakt dm Vilztxrs, 
',er in Chief of the Royal Alining Corps. 




(AmuOn det IfiiMt fiMT 1817> 



BMd at tiM Royal Academy ofSdaiioet, Mardi 11, 1816. 



[THE aatli0r eoaiiDeiices tliii mmuairtf^ «|iterr|Bf > .Aat 
goologf had QUMle r»pid adf aiic«» slaoe Werosr htd fint 
eaUed tbe attieiilioiL 0f gw^^giila t» tli« diiiBff^t ^ 
tioB9 ; thai iieTMtkiifefB tlie fonmHoot •rifinattj traced hj 
WwiMF^ ]u|d baen Mbtaqvantljr modified hj biiafelf, his 
pvpiliy aDdoAara; Ikat tliaahidy of sheUs, and of foiaiL 
orfanUed bodies iB^geaeialy bad/ tended jr^allj to adfaoce 
ov kaowledfiB of secMidaiy'rockB; tbat losi^attaotioa bad 
folate baeb^ paid to tbe pnniitive rocks; ImtlMti^taaii- 
iltioii series bad boen |be object of nmneioaa, wiaawbes. 
Be mentions Messrs, Von Bnch^ HanssmWf Broagnburt, 
|>puiU«S) Bauser^ aod Boiiaardy as the fMriacipai^fttiiniUsts 
who have thrown light on this class. 

M* Brochant de Yilliers states at tlie same time, that be- 
fore tileir observadoos were known, he had afeo applied 
himself to tllis branch of enquiry, and that in a ibemoir 

* The andior apftean to me the words ^ Ancient gypfttm/* iii cbn- 
tradiatiiictioii to the Tertiary g3rptuiii. (Tram).' 
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read before the Institute in 1807«* he had shewn that 
many transition rocks existed in the Alps^ and more par* 
ticvhurly in that part of Savoy known by the mime of Taren«^ 
taise, affording characters different from those that had ttt 
that time been obserred in Germany, and containing rodui 
that had until then been arranged, exclusirely in the priirid^ 
tite series* ; 

He ofasenres that every subsequent esanfinaliflNi tttd^ecm-* 
ifmed him in his first ideas, which lii^ also been af^herred 
of by Messrs. Yon Bnch and Oitialiiis d'Halloy, who had 
visited the country. 

Notwithstanding his conclusions had been adopted by 
many celebrated geologists^ there were olhisii who still 
doubted them, in consequence ^ the total ibsenoe at or* 
ganlaed remains In the crystaUioe limestbnies, which form 
a considerable portion of these transitioifr rocks. ' 

The author then states that all the racks of the Tarentaise 
were subordinate to .two diti^oiis, th^ Ihtf 
and the puddingstone containing anthricite, or anthracite 
formation ; in the latter, vegetable impressions were found, 
but n^ dirgimilted remiahia had b)i^ discotered Ini the* for* 
i»^r^Wis^ principal proof of its^ biS'loiiging tovthe transition 
iseries, was 'its mltefnatioo witlr the anllmu^ite forraati^nwf 
He wa» most- anxious to obtaill the lasTdeciisfTe proof (tlie 
^toourrence of biigaiiizedbodiei}4bf'tts belonging to that diiis; 
tMs howevevhe sought for iH vain for a considerable tinie, 
when- most- nnexpeoledly, he^disedvered ii€ l^ria, with the 
assbtance ^f M. Letimn^ "ilHrge shell of ^h^ iniilfilitA -^ 
ammoitrile kind' (ptete^^ i^* 1): In ^a table of the Breehe 
Tareniillse tt&rble^ a'ro^ fbond in theniidst of thte dtstriet, 
eoniaining his transkioa rofoks* 

■-- He*4hctt preeeeda to deM^be thegypftimbeeiifrinf in: tie 
Alps]. . 









Xhii xnmxw, is inserted in the Journal des Mines, vol. 93, p. 321^^ 

f As the lias. fi}pine limestooef and, new red sandstone fQrniatiomKdi^>^ 
SO much altered in the Alps, may -this anthracite formation be the repre- 
sentfttive oC the^ ooa) measures ? an irtlehtive e1^^ntnation of the vegetable 
impfessions would prohidbdiy .diecide du| j)Uie^ti«p. ^ (Tws.) . .^ ■ 
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On the ancient G^sum of the Afyi* 

The same part of the Alpf kt which I have obsenred 
thele transition rocks, aUo contains gypsnm^ often in Tery 
large masses. I have in the description of those rocks, 
taken. care to mention them ; hat having at that time, fkoU 
withstanding manj years of observation, some doubts on the 
tme position of tiiese g^tpsnmi^ and on tlMtr rekition to the 
transition rocks, I abstained from pronioundng an opiniob 
on. them, reserving the clearing up of their geological bha-» 
racters for another memoir, when I shoiild have been abl^ 
to' make some important verifications. 

The following are the principal poln^ on which my 
doubts were founded. The gypsnm rocks are general! j ex-^ 
tremely crumbled, the natural consequence of the great fa* 
cility with which this substance decomposes ; there neces* 
aarilj results a great difficulty in observing their position re- 
latively to the other surrounding, rocks. 

Their situation in the Tarentaise, on the sides of nlonn^ 
tains, or on their first escarpments, ofl^ even at the bot- 
tom of high valleys, generally in masses of Httle extent, 
and always superficial, inclined me to presume that the 
gypsum was a formation posterior to all the rocks of the' 
Tkrentaise, that is, even to the tramrition series.. 

This conjecture, moreover, appeared io me to agree with 
the ideas, without doubt rather vague, that a number ol 
philosophers had entertained on gypsum in general, accord^ 
ing to which it would always be deposited in basins. 
• I nevertheless abstained from decidedly adopting this con-^ 
elusion; besides its |iot appearing to me sufficiently proved,' 
I had good reasons for remaining in doubt. In the first 
place, gypsum had been met with in subterranepn woiics of 
the mine of Pesey ; I presumed that it was covered by the 
metalliferous rock of a later formation, but of this I was 
not completely assured. Many persons held a contrary 
opinion. 

Gypsum also existed in many other places in the Alps ;- 
mineralogists mentioned naany as heloagiilg to the transition 
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series; and they all agreed in admitting the gyp^mof St. 
Gotfaasd to.be pii'mitiYe ; celebrated geologists l^ad yisited, iK%. ^ 
and had considered it as such. .M. Davbuiss0n had -observed ; 
the'gypsdm'Df the* Galley of Aosta^, which he (^nsidered 
also as priniitlfe;; 8o>tliat in allmineralosgical and.geplo- > 
gical works^ a gypsuin formattea was seed placed in thei 
class of primitive rocks. ".'-.'■ ^■' ..\ 

It was not altogether absurd to admit amoffig. the. gypauni/ 
of the Alps, primitive and transition gypsum, and at 'the. 
same time another gypsum, very ancient, but of later, for- . 
matiop^^: the two first divisions have indeed beea generally > 
admitted. But I had seen specimens of all these. gypsuijtis,. 
and, on comparing them together, I found so much reseijif 
blance, so many relations^ and^ if I. may so express mysejf, 
such a striking family air, that I could not determine to 
allow them different origins ; on the other hand^it was im- 
possible for me to agree with, the idea of .primitive, forma- 
tion, which was attributed to many of .them, from the geolp- 
gical characters afforded me by that, of Tarentaise. I had 
briefly exposed all these doubts in the memoir on the transi- 
tion series ; I have since further developed them in a note 
read before the Societe Philomathique, which has not b^en > 
printed 2 I shall now occupy myself with, their solution. It 
will be seen that my new researches have led me to xonjec- » 
tures differing a little from my first, but at the same time I, 
conceived myself obliged Jiot to admit the primitive gypsums 
against the opinion now adopted by all geologists, even.; 
those most celebrated. 

I' had already, in 1809, visited the gypsum of the Valley^r 
of Cogne, announced as primitive by M^r Paubuisson iX had. 
the advantage of havhig him as a guide^ti this excursion ; 
but I was thwarted by the great abutfdance of snow that had 
fallen in the preceding winter, the melting of which had 
been much retarded. The gypsum was covered by it, and 
I could only observe the surrounding rocks. 

In 1813, the order I received tp conduct the students of 
the mines in a geological tour in the Alps, appeared a fa- ' 
Tourable opportunity to me i being entirely master of my 
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roaie, I directed it principally to many points, wh^re I 
luiew gypsum existed, and more particalariy to those that 
had been noticed as primitiye. 

From Moutiers in Savoy, where the practical mining 
school then was, I passed the central chain of the Alps by 
the €ol de la Seigne, and the All^e Blanche. I descended 
into the valley of Aosta, from whence I visited that of 
Cogne ; afterwards crossing the mountains which form as it 
were the advanced posts of the Alps on the side of Pied- 
mont, I reached St. Gothard, from whence, repassing the 
chain, I followed the Valais to Bex. I observed gypsum 
during this tonf. 

1st. In the All6e Blanche. 

Sndly. In the valley of Cogne; that of M. Daubuisson. 

drdly. In the Val Can aria, at the foot of St. Gothard ; 
that of Messrs. Freisleben and Von Buch. 

4thly« Near Brigg, in the Valais. 

dthly. At St. Leonard, near Sion. 

6thy. At Sarran, near Martigny. 

7thy. Lastly, at Bex. 

It is from comparing the mineralogical and . geological 
characters of these gypsums, and at the same time of those 
that I had previously observed in Savoy, and of many others 
pf which I could collect descriptions, that I believe myself 
able to establish that ail belong to one period of formation, 
or at least to two epochs of that period, which is that of the 
transition series.* . \ 

I shall consider more at length those which have been 
regarded as primitive, so as to expose my motives for Rot 
adhering to that opinion. 

A. General characters of the Gifpsums of the Alps, 

The greater part of these gypsums are apparently in in- 
terior texture rather, compact than crystalline ; in general, 

* It will hereafter be seen that there is some reason for doubting this 
conclusion, and believing that their true epoch is rather that of the fee- 
c'ondary series. (Trans.) 
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at least^ they 00I7 present some brilliant points, even with 
a magnifying glafes ; but if they are coarsely powdered, the 
brilliant points are multiplied to the eye, and the powder ob- 
served with a microscope shews, even in its smallest parti- 
cles, only crystals of sulphate of lime, in rhomboidal tables* 

Besides the small crystals^ which appear to form the mass, 
larger crystals of sulphate of lime are seen imbedded in it. 
There are nevertheless sotne gypsums which appeared to me 
decidedly compact, but thieir colour was grey; they are 
however associated with crystalline gypsum. 

Some varieties are a little laminated, but the greater num- 
ber do not shew this structure in a decided manner. Their 
masses break indifferently in every direction. 

These gypsums are generally of a snow white colour. 
When considerable masses are met with, free from mixture, 
^b»y are advantageously employed in sculpture, as is the 
gypseous alabaster of Tuscany; (That of St. Leonard has, it 
is said, been used to rhake statues for the 'churches at Fri- 
bourg). I hate found the grey varieties only in Savoy, in 
the Val d'Arbonne near St. Maurice, and the yellow near 
Brides; this last colour appears to. be owing to subsequent 
alterations ; all the surrounding gypsum is white. 

Many different mixtures are seen in it. 

1st. Carbonate of lime, which is compact, sometimes of a 
dull grey colour^ at others and most frequently of a dark 
blackish grey. It exists under the remarkable form of 
liodules, most commonly angular, and sometimes rounded. 
The greatest number of mineralogists, ' who have observed 
these mixtures, have considered them as conglomerates or 
arenaceous rocks, which gives the nodules an existence an- 
terior to the paste of gypsum containing them. 

I had myself embraced this opinion, and do not pretend 
to regret it yet; but the workings at Sarran have led me to 
doubt the pre-existence' of some of these nodules. Smalt 
veins of compact limestone are found in this gypsum quite 
parallel with the beds, and having all the characters of con* 
temporaneotts origin. I should be led tp suspect, especially 

K 2 
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from some characters of position, that the weE jrecogniseA 
Dodales were of an origin little anterior to that of the gyp«i 
sum. 

These decided calcareous Qodoles occur abundantly, in; 
the gypsum of Pesey, also in that of Brides in Savoy. Tho8e> 
of St Leonard and Bexaford it also. They are perfectly 
decided in the two first places. 

Sd. Mica or rkther talc* It is only found in two of the 
ahove mentioned positions ; at the Yal Canaria and Brigg** 
At the Yal Canaria, mica is disseminated In an uniCarm maii«« 
ner in the rock, sometimes in little insulated plates of a 
greenfah yellow, at others, a little fibrous in small groups* 
Even in the midst of the gypsum some yellowish masses ate 
obsenrable, that are principally composed of mica; t^y also 
contain gypsum, but it is as it were dissolved in the midst 
of the mica, the colour bt which It has taken, and to which* 
it serves, it may be said, as a pastew - These masses afford; 
shining surfaces^ when broken^ in which the mica ia fibrous*- 

I have here used the name ouca^ because the gypsmn of 
that locality has be^i generally noticed as- micaceous ; but- 
I should observe, that it possesses many of the characters of 
talc, that it is one of those numerous passages, recognized, 
between these two substances, which have made their future 
union into one mineralogical species probable, passages of 
which the rocks of the Alps have afforded me many fix-* 
amples. 

At Brigg, the talc is more decidedly shewn. It is not 
disseminated throughout the mass of gypsum as at the Yal 
Canaria ; it forms plates or rather a sort- of varnish on the. 
surface of the Jaminas of the rock which is a little schistose.. 

Its colour is a silvery greenish white ; it is slightly fibrous. 
This presence of mica and talc in these two gypsums, joined 
with the identity of colour of the gypsum itself^ is cer- 
tainly not sufficient to assign them the same geological 
origin ; nevertheless, it cannot be denied that there exists^ 
between them a sort of resemblance^ which- is the more re*; 
markable and extraordinary, as the last of these gypsums 
(that of Brigg) is referred to the transition series by many 
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rmineralogists, who regard the first (that of Yal Canaria) as 
:|irImitiTep 

3cL Steatite. Tlus mixture is principally seen in the ^^ 
8Hm of Cogue iaid in that of "Sarran near Martigtij. 

In the firs^ steatite forms Bmali 'masseiS) most frequency 
fflat^ and eren small thin plates of a leek green colour^ often 
blackish, i^ery ti'anslncent at the edges, and sometimes df a 
'fibrons texture; these plates are disposed parallel to each 
other, and to the plane of the gypsum bed, but they do nort 
form contfnuons planes, and- do not give a laminated texture 
■to 'the rock; they are too muck scattered, and often of rare 
occurrence* ' 

' In the gypsum of Sarran, the steatite is in Smaller plates, 
of not 1BO dark a green, but duller^ and of a textuine often 
fibrous, approaching talc. They are disposed in the same 
"^mannei^ gene^t^ly closer togeltier; but there are also large 
portions of g3rpsum which do not contain any at all. There 
'are among thiese' plates Some that bear a great resemblance 
io the superficial thin plates of talc, ill defined at the edges, 
motioned above^ in the gypsum of Brigg. 

The gypsum of St. Leonard also afibrds some small plates 
'analogous- to fibipus steatitie, • but ill determined. 

Lastly, I 6btained a sjpecimen of gypisum found at St. 
.Grervais, in Faucigny,* near .the hot springs, that contains a 
great number of these plates of steatite, which is fibrous, 
•and -often shining^ without howeyer possessing the demi- 
.metaHic lustre of talc. I have not myself observed this gyp- 
sum in place, but I have thany ^ttme8 visited the country, 
:and different observations make me regard it as altogetber 
'analogous to' the gypsum of the Tarentaise, which is in the 
neighboorhood. 

' I shall here remark the affinity which the mixture of 
steatite shows between the gypsum of Cogne, one of those 
•regarded as primitive, and many others (those of St. Leonard 
and Martigny) considered as transition, not only according 
to taj own ideas, but according to those of other mineralo*; 
gists who admit the primitive gypsums of the Alps. 
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4tli. Anbydrodft sulpbate of lime. This substance btf 
been equally found in many gypsums of tbe Alps, and iji 
gypsums, of Germany, which belong to veiy ancient rocks, 
but which are recognised as secondary. It exists in the 
Alps in the midst of gypsum masses and also in the rocks 
near them. Defined crystals and .crystalline masses with 
large laminae more particularly occupy the clefts in the 
neighbouring rocks; but in the midst of the gypsum, the 
anhydrous sulphate of lime more commonly forms bi^iches, 
and more or less considerable msisses of a confused laminated 
structure, with a crystalline fracture, sometimes in conoentric 
layers, of a whitish grey colour approaching violet. 

I haye' thus obsenred it at the glacier of Gebrulas, in the 
gypsum of Pesey, in the Tarentaise, at Allevard, &c. ; I do 
not however pretend to affirm that this substance never 
forms beds in the gypsum; it certainly appears to occur 
thus at Bex. 

I am not sis yet acquainted with any description of die 
position of the anhydrous sulphate of lime of Vulpino. If, 
as I am led to presume, it is analogous, the masses that 4t 
forms in the gypsum must be very considerable* 

5th. Muriate of Soda and saline springs. The presence 
of muriate of soda is recognised in many of the gypsums of 
the Alps, that I have observed. The. gypsum contains rock 
salt in the valley of the Arbonne, near St. Maurice in the 
Tarentaise ; this salt is often visible in powder on the $ui>- 
face ; it also has been attempted, and not without success, 
to obtain muriate of soda from it by solution. 

The saline spring of Moutiers rises out of limestone, but 
at the foot of a co^siderable mass. of gypsum; other saline 
springs of the Alps are in the gypsum itself, which often 
contains a little rock salt. The gypsum of Bex appears to 
be decidedly inclosed in transition rocks ;t but on the other 
hand, many saline springs and deposits of rock salt worked 
in Germany occur in masses of gypsum mixe^ with clay, or, 
as has with truth been said, in masses of gypseous muriatife- 

* It wi]l be hereafter ihcwn that they are secondary. (Trans.) 
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rous clay ; and these latter gypsums are knoM u to be gene- 
rally considered as of decidedly secondary formation. 

These resemblances are sufficientry remarkable; I do not 
pretend to conclude from it an identity of geological forma- 
tion between these ancient secondary gypsums of Germany 
and the gypsums of the Alps^ even those in insulated super- 
ficial masses ; but they may one day serve to establish re- 
lations between the different terms of the series of rocks, 
the formation of which has followed that of the primitive. 
I sh^ll hereafter return to the subject 

6th. Sulphur also exists in the gypsum of the Alps ; it 
forms nests of rare occurrence, and of small size, in the mass 
of the gypsum. It has been found in that of Bex, at Pesey, 
at Gebrulaz, &c. : there occurs at Allevard a lamellar an* 
hydrous sulphate of lime, which is penetrated by sulphur, 
giving it a yellowish tint. 

I might also notice anthracite, some traces of which are 
found in the gypsum of Brides near Moutiers : but from' 
this example a very positive consequence cannot be drawn 
as to the identity of the position of the gypsum and anthra- 
cite, this substance only occurring in very thin small veins, 
between the laminas of the gypsum, in portions near the sur- 
face : which may lead to the presumption that it has been 
afterwards deposited by infiltrations from the water of the 
upper rocks, which contains large masses of anthracite. It 
will hereafter be seen that I have obtained more probable 
data of the existence of the gypsum of the Alps and anthra- 
cite in the same formation. 



B» Geological positions of the Gypsums of the Alps, 
1. In the Tarentaise (Savoy). 

I have always observed the gypsum of the Tarentaise on 
the surface, and as. I have already said, in such a state of 
decomposition that it was impossible to judge, in a rigorous 
manner, of its geological relation to the other rocks. It 
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occnrs on the sides of mountains, or fioroetiraes forms white 
slopes resembling snow^ (valley of St. Bon.)* 

It is also seen on the summits, at least on the crest of the 
first escarpments. But what is very remarkable in a country 
where the beds are always highly inclined, it is not seen to 
descend lower, excepting the fallen masses which are evi- 
dently out of place ; they do not therefore form part of the 
mass of the lock. I nevertheless conceived that I had se- 
veral times discovered beds of gypsum near Moatiers, some- 
times in the midst of transition limestone, at others in the 
midst of the anthracite formation ; yet notwithstanding my 
researches I have never been able to acquire a positive proof 
of it ; the rocks which give rise to this conjecture being too 
much fallen over, and too much covered with vegetable 
earth : I should now consider this conjecture more probable 
from the observations made in Piedmont and the Valais, 
during my tour in 1813, of which I shall hereafter give an 
account. 

These summits, crowned by gypsum, never attain a greater 
elevation than from 2,000 to 2,400 metres f [about 6562 
to 7874 feet]. They are not actually the summits, but the 
first escarpments of the mountains, serving as a base to the 
high valleys, the region of pastures. In the bottom of these 
high valleys masses of gypsum are also sometimes found, 
bat, are always superficial, X and not in sufficient quantity 
to give a complete idea of their formation In basins ; an idea 
that I do not pretend to adopt, but which almost inevitably 
presents itself when these gypsums are met with, and are 
seen occupying the bottoms of ancient high valleys. I shall 
have occasion to cite a more striking example. || 

The points where gypsum is found in the Tarentaise are 
comprised in the valleys where the anthracite formation 
abounds, often with vegetable impressions ; ^ I at first paid 

* Corresponding appearances have been remarked with regard to the 
gypsum of Salzburg. 

f St. Bon, Champagny, Croix de Fessons. 

iNear the Lake de Tines, Gebrulaz, and Pesey. 
In the Val Canaria. 
^ Valley of Bosel, Brides, Ohampagny, Gebrulaz, St. Bon, Moutiers, 
Valley of Pesey, and the Val d* Arbonne opposite. 
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little attention to this circumstance, which ndw becomes 
very importimt from the existence qf gypsum on the AU6e 
Blanche, of a deposit of gypsum in the Valais (that of St. 
Leonhard) on an anthracite formation, and of another (th%t 
of Brigg) in a formation that \% analogous to it. 
. Lastly, as I have already announced, 'gypsum is found 
^ven in the works of the mine of Pesey, and this is the 
place to discuss the true characters of this position, because 
it is very important. 

. There is no question here of the small portions of anhy* 
drous sulphate of lime, that are sometimes met with in the 
mass even of the ore or metaliiferpus rock, and which have 
been collected in- cabinets. They are easily admitted tu be 
owing to infiltrations from the upper parts ; I mean to speak 
of the considerable masses of gypsum and anhydrous sulphate 
of lime, the debris of which cover the refuse of the mines 
(haldes). 

These gypsum masses do not exist in the works carried on 
for the ore, they do not contain a trace of it ; they are only 
met with in the adit level, and sol<>ly in the p' rtion of this 
gallery above the useful works. The gy|)sum is then evi- 
dently above the metalliferous rock. This position has been 
fully admitted ; but it may equally happen in t^o very 
different cases : either the gypsum there forms a distinct 
bed tfelbnging to the same system as the rock, or else it has 
been deposited upon it at a period subsequent to its oonsoii* 
datibn, and constitutes part of a different formation. 

The surface cannot afford any information in this respect, 
being entirely covered by tuffa, pasturage, and wood, the 
gypsum not shewing itself. It is met wKh only at the hamlet 
of Beaupraz'^ at 1^00 metres [;5937 ft.] distance, asceiiding 
the valley ; it occurs there at the surface, forming an insu- 
lated mass of small extent, at the foot of one.of the slopes, 
where it loses itself under the vegetable soil. 
' The other characters that 1 have noticed above the Taren* 
taise gypsum led me already to presume that this gypsum 
covered the rock, that its formation was more modern^ And 
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conseqneDtly posterior to the transition limestone, since I 
have elsewhere shewn that the metalliferous rock of Pesej, 
which is an argillo-steaschist, was of the same formation as 
all the limestone of the Tarentaise. 

In order more fully to assure myself of it, I searched the 
points of the adit level, and the excavations that communi- 
cate with it, which led from the rock to the gypsnm, in order 
to observe their, superposition ; but the wood work and the 
decomposition of the two rocks prevented me from obtaining 
any decisive result. I remained therefore in the same un- 
certainty with regard to my first presumption, which never- 
theless always appeared to me the most probable opinion. 

Lastly, while following the workings the miners met with 
gypsum, aqd in order to re-discover the metalliferous roek 
they were obliged to abandon the principal gallery and sink 
a shaft. I observed the spot where the metalliferous rock 
was in contact with the gypsum ; the latter was not dis- 
tinctly stratified, and the laminae of the metalliferous rock 
were cut very obliquelf ; so that their mode of association 
was still doubtful. 

To clear this up, I requested M. Schrieber, at that time 
director of the practical school and the mine, to drive a 
transverse gallery in the metalliferous rock, precisely at its 
junction with the gypsum. 

This gallery (which, having geological research for its 
principal objec^, was named the geologist's gallery), was 
executed, and driven the distance of twenty metres [about 
j65 feet 6 inches] ; it furnished me with an opportunity of 
judging decidedly on the position of the gypsum with regard 
to the metalliferous rock. 

It was found that the gypsum was only vertically placed 
against the edges of the beds of the metalliferous rock, 
which were cut vertically. One of the sides of the gallery 
was a perpendicular wall of very even gypsum, the other 
presented the edges of the beds of the rock cut a little 
obliquely io their planes ; it then ai^ared to me evident 
that the gypsum was a later formatioa than the metalliferous 
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rock* 'since it not only covered it^ but filled if not a cleft . 
that traTersed it, at least a cavitj, or hollow on its surlEice. 
The annexed plaAs and sections (plate 2, fig. 2, 3, 4, & il)^ 
represent in an exact manner the different works noticed'^ 
and the relative position of'the-beds'of -the'm^alliferouB 
rock and the gypsum.f < 

It would have been desirable, in order to complete' this 
determination of the position of the gy ps um, to continue tiie 
principal gallery in the midst of its mass, in a'direciioh per»> 
pendicalar to the vertical wall noticed above, so as to meet 
with the other side of tiiis cavity; but the expense might 
have been very considerable, and the poor state of the ore 
did not authorise it. 

Uniting this last fact with the others before noticed,' it b 
seen that all the characters I have been able to collect upon 
the gypsum of the Tarentaise, lead tq the conclusion that it 
is above the transition rocksy and of a more modern forma* 
tion^ at least in general; for, from the other positions I'am 
about to describe, it is not impossible that gypsum may be 
4iscov<3red even in the midst of this transition series. 

2. Gypsum of the AlUe blanche. 

It is on the right slope of this valley that the gypsum' oc^. 
curs ; it there forms, many white pyramidal masses, two of 
which are very near the torrent : I saw three' others at a dis- 
tance scattered on the slope to the height of 1000 metrea 
[3281 feet] above ^ the valley, that is to say,' an absolute 
height of 2000 to 2400 metres [(J562 to 7874 feet]. I Onlj 

* Figs. 8 and 3, plate 2, are the plan and section of that part of th(^ 
lower workings of the mine of Pesey which is here noticed; the Ii|ie of 
demarcation between the gypsum and the schistose metalliferous rock h 
there traced, as far at least as it could be determine by means of thie 
draining galleries 1 and 3, the pits 2 and 4^'ahd otheri that out this line, 
and lastly by means of the. gallery No. 5,- which is that of the g«ifogitifij 
of which I have spoken. 

Figs. 4 and 5, are the plan and section of this gallery, upon a scale 
twenty times larger. They shew the vertical position of the gypsum 
with regoird to the edges of the beds of the schistose metalliferous rock. 
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jcQcaminfed the }>7ramid8 near the torrent; the largest is from 
MO to 000 metres [abont 1640 to 1968 feet] in breadth, 
>^ about 100 or 130 metres [abont 3t8 to 424 feet] in 
.fieight* This shape is the more remarkable as it rests npon 
the edg^ of beds of a well characterised anthracite &>rma- 
tion,* and as the smallest trace of gypsmn is niot obser- 
"table in the beds of thatiock on either side of eodi of these 
•^rramids, not the slightest derangement that* may make an 
•association df the two formatidite presomable* . 
~ Tiie gjpsam appears here, as in the Tai^nlaise^ in the 
:kieighbonrfaood of rocks cotitaining anthracite^ and to be of 
m formation posterior to it: it may perhaps be conjectured 
that these pyramids are the scattered- remains of a more 
seosisiderable deposft which might once hare filled the talley. 

3. Gypsuin of St. Litmard. 

• • • • « 

Tn order to go from Lenck to Sion ifi the Tdlais, We pass 
mt pleasare either tlie liliage of St. Leonard, which is ele- 
vated, or by a Idwer toad on the banks of the Rhone. 
I knew that gypsam was found in this place, and that it was 
met with equally on ^ther road^ 

My expectations were not disappointed; yet I did not 
•finda stratifioation so vegnlarasto shew the rdatife position 
'fai a decisife manner; butl was stmdL with the presence of 
•anthracite, imd its aecompaoying bhR± argUlaceoos schist, 
in the tIcinSty of the g3rp8nm, and at the same time with cal- 
•careoua rocks - possesnog that true or apparent arenkceous 
itmctnre, so common in the Tarentaise* 

The irregularity of this association, which might be re- 
.ferred to a falling down of the rocks, did not permit me to 
assign a(i with certainty to Uti^. same formation ; it neverthe- 
less afbrded a striking resemblance to the gypsum of the 
Tarentaise and that of the All6e Blanche, which exists in 
'anthracite ' valleys, Wd is close to a limestone altogether 
analogous. 

* 1 foimd among the fallen -nuuHei) many .pieces of anthracite. 
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My cooj«ctiireaw^re. strengthened by ivhat I bad the day 
before observed of the Bdgg gypsum, of which I shall speak 
presently, and which presents a siipilar position with com*, 
plete evidence, and I knew moreover that many geologists 
had referred the St. Leonard gypsam to the tcansition series^ 
so that I did not consider it necessary to stop at it* . • 

Lastly, what was then but conjecture, has since becoiQ^ 
a certainty j^ M. Lardi, who had observed the gypsum o| 
St. Leonard on the heights, having found it evidently asso- 
ciated with transition slate* 



4. G^pmn of BeK* ' " 

I shall say but one word on this gypsum deposit, in which 
subterranean works have long since been carried on in order 
to search for the saline springs it contains, aud which h^sT 
already been described by many mineralogists. 

I had visited it in my first travels in the Alps; but I 
revisited it with greater interest in company with M. de. 
Charpentier, who at present directs the. works. 

I there as. elsewhere found great confusion in the posUipn, 
a confusion that has ^ven rise to so much discufisiou as to. 
the works; what Appear^ to me very probable, and what 
has since been confirmed by a letter, from M# de Charpentier, 
is that the gypsum there forms beds in an argillaceous lim^. 
stone, and that the one and the other form part of tb^ trail* 
sition series.* . . ' . , 

The argillaceous limestone contains some beds of a schi^. 
tose gfeywackd,t and ther^ is anthracite i|i the. upppr parts. 
' • • ■ .... ' 

* Professor Buckland has shewn (Annals of Philosophy, n6w series, 
vol. 1, p.' 455, 9ic) that the saliferoas gypsum of Bcs, is that of the new* 
red or saliferous sandstone of England j and. therefore 8ecx>ndary % liasi 
rests upon it, and it is associated with Alpine limestone, analogous to..th«* 
JEnglish 'magnesian limestone; the obsi^rya|ions I have myself m^uie on 
the spot, lead me to the same conclusions as Professor Buckland. (Xrans** 
lator.) 

+ These are hot true greywacke beds, but beds belonging to the new 
red sandstone formation. 
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Nmoerthelesi^ many charaoiers make, me presume thai 
iheie. transition rocks are a Utile more modem than those of 
the Tarentaise. 

' With regard to the gjpsam ofSarran, near Martigny, I 
Qpuld only see Ihe portion that ia worked, all . the enTirons 
being covered by Tegetable soil. I know that it is con* 
sidered as transition gypsum, bnt I could not obtain the 
proof of it ; it is very certain that it is not anterior. 



5. Gypsum of Brigg. 

I now come to the two examples in which only I have my- 
self seen the gypsam very evidently associated with other 
rocks* 

At Brigg, or rather at about 2000 metres [6562 feet] 
N»£. from that town, on the left bank of the Rhone, a well 
characterised bed of gypsum is seen, almost projecting over 
the bed: of the river. Its direction is the same as the valley 
of the Rhone, nearly E.N.E. and W.S.W. It dips at 45* to 
the South, exposing its edge to the valley. \ 

This gypsum is covered by a crystalline whitish grey lime- 
stone, schistose and mixed with mica. On this limestone is 
seen another much more coloured, then a spotted blackbh 
schilt, that effervesces ; and lastly another schist, that also 
effervesces, but of a much darker colour, containing insulated 
plates of mica, and^altogether resembling the schists that ac- 
company the anthracite ; the whole of the thickness of some 
metres* 

It was th^uTery certain that the gypsum formed, the in- 
tegrant part of a formation, and it might already be conjec- 
fored to be a transition formation, from the nature of the last 
mentioned rocks ; this presumption moreover became certain, 
or at least extremely probable by the other characters of the 
ground in this part of the valley of the Rhone which belong 
to this formation; thus this gypsum has been admitted as 
transition by many mineralogists who have observed it. 
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t, Gifpium of Cogne. 

Hie position of this gypsam, noticed as primitiTe by M<> 
Daobuisson, who discoyered it in 1807, has been described 
by him in a notice inserted in the Journal des Mines, ^o* 
128, p. 161. I shi^l here content myself by repeating its 
jprincipal characters, and adding some original obsenratioiis* 

This gypsum is found on a ridge of rock of about 2J400 
metres [7874 feet] eleyation ; it does not itself 'form 
the ridge, which is calcareous, but'is a little below. The* 
beds are nearly horizontal. The gypsum is worlced to t^e 
depth of about two*thirds of a metre ; but the floor of the 
bed has not been discovered, being concealed by the de- 
bris of which this slope is coTered ; the roof is a limestone 
that is a little crystalline, blueish grey, and very schistose 
from a mixture of talc* This rock has not* a thickness up 
to the surface of more than a metre or metre and a half 
[about 3 feet 3 inches to 5 feet] ; it is full of crevices. 
' The workings cover a space of from' six to seven metres 
[about IQf to 23 ft.] in length, and as the gypsum is quarried 
solely for the use of the inhabitants of the valley, it is rarely 
worked. Mounting* the ridge of rock, debris are only found, 
and no out-crop of the gypsum, and the principal inhabi- 
tants have assured me that there did not elsewhere exist the 
slightest trace of it throughout the valley. 

' Apaong the debris covering the slope much schistose lime* 
stone is met . with, and also numerous fragments of quartz 
slightly mkaceous. Notwithstanding the singularity of this 
portion, it would be difficult to refuse admitting the con- 
temporaneous origin of the gypsum and limestone; but I 
shall remark : ■ 

1. That this schistose limestone bear^, from its colour, 
its mixture of talc, and all its other characters, a great re- 
lation to that so abundant in the Tarentaise, and also to that 
covering the gypsum at firigg,' ■ ' • * 

Those accustomed to the study of rocks know, that th^re 
exists between the members of the same formation an assenk- 
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blage of characters that the eye often seizes at the first 
coup d'oeil, but that are' extcemoij difficuU to define. 

% That all these fragments of quartz, often large and 
always aogUlai'y cao Only ig^sp from superior tocta^, there is 
eTery reason to suppose that the schistose limestone of the 
roof contaixis. quartzose veins, as also happens in transition 
lirae/stone. 

3. Lastly^ I will call to mind th^ mineralogical relations > 
wldch unite this .gypsum to all the others I have described, 
and aboteall to tliat otBr^gg, of St.. Leonard, and others* 
that belong to the transition series* 

To all these cotisideratioos, that already lead me 'to refer 
this gypsum ib the: 9ame era of fonnktion lis those that- 1 • 
have nofticed, I shall add afnother; it is, that the strong, 
differences of nature ftnd structure, which- 1 have observed 
in this valley of Cogne, between the roCks of the heights and 
those of the valley, lead me sti^ongly to suspect that the 
lower part is a primitive country crowned towards the stun- . 
mits, or at least the. lower crests, by tratisition rocks; but! 
I could not saffipiently assure myself of this fact to venture 
to give it aK 'certain^ . 



■ 7. GjfpsumoftkeValCttnaria^ 

' ' . . ' ' ■ ■ ■' 

This small valley, but two leagues in length, descends : 
nearly from'N.E. to 6.W.' into the high valley in which the 
Tesino flows; its opening, which is very narrow. Is at a short ; 
di&tance from the village of Aixolo, at the foot of St, Gd^ 
thard. Following the torrent at first, we find ourselves ' 
betweeq enormous ibasses, apd as U were between walls of; 
the micaceous gypsum I have above described. Its stratifi- . 
cation is not veiy distinct, abd varies greatly. I observed 
beds with all kinds of directions and inclinations; in some; 
places they were horizontal, some were contorted. 

This first observation struck pie, by briqgipg to my re-- 
collection similar irregularities in the gypsum of the Taren- 
taise, and many others. - 
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Large angular blocks of ipica ^late are seen on the banks 
of the torrent, some ^ixed with garnets, and others with 
hornblende. I took the greatest paii)S in searchiiig for the 
beds of mica slate, which were stated to be associated. wit)i 
the gjpsum, but I conld not discorer the slightest trace of 
it. The gypsnm is there, as in many other places, abso- 
lutely isolated. , w ,. . 

It was neyertheless possible that this association of gyp- 
sum with mica slate occurred towards the top of the slopes, 
and as it was announced (Itin6raire du St. Gothard, p. 73.) 
that the gypsum continued on the south towards the Val 
Piora, I preferred ascending the mountain on my ^ right, 
that is to say, on the left bank of the torrent: I had ob- 

K ' « i 

served this mountain from Airolo: I had remarked that 

' .1 .... . 

its rocks were mosit frequently naked, and that their highly 
inclined beds appeared in their direction to cut those of the 
iraHey ; I was/ then assured, that in crossing these beds, T 
should meet with gypsum, i^ it were true that it Was subor- 
dinate to the mica slate. 

After half an hput* of a very steep . ascent, dways on 
gypsum, I arrived at a more even surface, only slightly in- 
clined towards the valley ; ascending the valley, I follow- 
ed for some time this species of plain, and observed on its 
surface a great many of those holes and funnels so common 
in the gypsum rocks. * I soon turned and continued to 
liscend the slope, but I almost immediately found that I 
quitted the gypsum ; and when I was a little more elevated 
so as to be able to command the bottom of the valley, I saW 
clearly that the gypsum did not extend very far along, its 
bottom, but that it was no where elevated above the height 
I had quitted ; that it only filled up the bottom of the 
valley, resting .on both slopes, and that the small valley, or 
rather inferior ravine, was hollowed out of its mass. I as- 
sured myself the next day that the structure on the other 
side :was similar, 

• The likfe exist in the gypsuih deposit of the Tarentaise, near the lake 
of Tines. 
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i had already every reason to suppose that the gjrpsnm 
was of a formation posterior, both to the rocks of the two 
rfdes, and to the opening of the valley of which it appeared 
to ftll the bottom. 

I eontmued to ascend, and after haTing traversed the 
vmeds, where some projecting rocks shewed me mica slate 
but never gypsum, I arrived at the inclined high pastures, 
lirom whence I gained the fbot of the upper escarpments of 
mica slate. 

The stratification was perfectly regular ; the beds have a 
direction nearly E. and W. and dip at 50 * towards the N. ; 
that is towards the commencement of the valley: it ap- 
peared to be the same on the opposite mountains ; of this I 
have since assured myself. 

From the inclination and direction of the beds, it was 
evident, that if the gypsum below was of the same forma- 
tion as the mica slate, I ought, while crossing all the €dges 
on the summits, to meet With at least some one of gypsum. 

For this purpose, I began by retrograding to the anterior 
part of the mountain, towards the leventine valley, and as- 
cending it, traversed for three hours the whole of the crest. 
It was in vain that I searched for gypsum ; there was not 
the slightest trace of it. I once thought I had met with it, 
observing from a distance a bed of tolerably pure white ; 
but on visiting it, I found it was formed of a decomposed 
dolomite.* 

I have some reason to suppose that this bed of white do- 
lomite, which i9 seen from, a distance, has been taken for 
gypsum. The. annexed design (Plate 2), representing 
the plan and sections of the valley,, the disposition of the 
niica slate beds, and that of the mast of gypsum, will I 
think shew, in an evident manaeri the impossibility of ad- 
mitting the identical formation of these two rocks. 

It is possible that some rock may* have been found- sub- 
ordinate to the gypsum ; .but after consulting all the authors 

* It diwolvesin. ]9^te4 nitric acid, 9^ lenves a residue of plttes of 
talc. I have even determined by means of a rigorous analysis,, the toti^l 
absence of gypsum. 
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that hare spoken of this gjpsum, I have not been able to 
find any direct or positive observation. M. Lardy, an able 
mineralogist, a notice by whom is seen in a preceding part 
of these Annales,* on the gypsum of the Val Canaria, does 
not mention any foreign bed in it ; he admits, as I have 
above said, that no gypsum is met with at a certain height ; 
which is the more remarkable as he joins in the received 
opinion of the gypsum being primitive ; but he rests this 
only on the relations that he thought he saw between the 
direction and inclination of the gypsum beds and those of the 
mica slate beds, relations which I am far from admitting, on 
account of the irregularity noticed above in the stratification 
of the gypsum. He concludes from these relations that the 
gypsum there forms a thick bed under the mica slate. 

It is impossible for me to admit this opinion ;. it appears 
to me on the contrary, evident, that if the gypsum occu- 
pying all the lower part of the valley was included in the 
mica slate, or was covered by it, that it must, from the 
disposition of the mica slate beds and their escarpments, be 
found in some part of the heights ; and it is from its total 
disappearance, beyond a certain level, that I found my 
conclusion that the gypsum is not contemporaneous, but pos- 
terior to the mica slate, and tliat there is no reason for con- 
sidering it primitive. 

It now remains to determine to what formation it belongs. 
But as it is not covered by any other rock, it is impossible 
to decide this question in a positive manner : I shall here- 
after throw out a conjecture that appears to me very pro- 
bable. 

T shall here only add that the formation of the gypsum 
appears to be later even than the hollowing out of the Val 
Canaria. The contraction of that valley at its month, and 
the form of the gypsum mass, which affords a tolerably even 
surface, present more than in other places the idea of a 
deposit in a basin, or as has been said in a lake ; an idea 

* I have not translated this paper, M. Brochant^s description tender- 
ing it uimeoesaary. (Tnmt;) 

F 2 
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that I do not pretend to generalise, but which should not 
apparently be entirely rejected, at least with regard to a 
part of the gypsums of the Alptf • 



8. Other loaUUks of Gyptum. . 

t ha?e confined myself to describing the gypsums that 
liave fallen under my own observation. Haying been occu« 
pied so many years with this kind of rock, it may be im- 
agined that I haye consulted several works containing de« 
tails on its mode of occurrence. ^ I might therefore 'multiply 
quotations, bring forward numerous facts, and, by discussing 
them, add new proofs in support of the opinions I have 
already expressed in the examination of each locality ob- 
served ; but I do not wbh to extend the limits of this memoir. 

I shall content myself by observing that all the other facts 
that I have been able to collect, with regard to the gypsums 
of the Alps, (at least between the Mont Cenis and St. Go- 
thard) may be arranged under three heads : 

1. Those that are at the surface, and which do not appear 
to contain any bed of a foreign substance. The greatest 
number are of this kind ; from this circumstance has often 
arisen the idea that these gypsums were the remains of an- 
cient deposits in narrow basins. 

2. Those which alternate with well characterised transi- 
tion rocks, principally with argillaceous slates. 

3. Lastly, those that are considered as primitive. I have 
seen but one example of it quoted (besides those of Cogne 
and St. Gothard, which I. have described above); it is in 
the Haut Yalais, near Lachs. I have not been able to ob- 
serve it, having had no knowledge of it before my last 
tour. 

From what I know relatively to this last, it does not ap- 
pear that it is from a decided alternation with primitive 
rocks that it has been referred to that formation, but solely 
because it contains mica in tplerable quantity, . and in -suffi- 
ciently continuous veins ; a character altogether insufficient, 
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as I have shewn j since mica exists also iki the same manner 
in admitted transition gypsums^ imd' as this substance occurs 
in many other transition rocks. 

Its primiti?e ori^n , is then any thing bat proved. I may 
^e?en go further, for I strongly suspect thai: this gypsikm is of 
the same epoch, and occurs in the' same manner as the other 
gypsums of the Vaiais that I have before described'; it 
would indeed bef very Extraordinary' that the Yalais, con- 
taining at least three portions of w^ll recognised transition 
gypsum', should also present a primitive one, which is 
in oth^r respects analogous to the former : and if such nfere 
the^'&ct, we should have reason to be astonished at meeting 
but with this single 'example in the Alps,* when iiature 
exhibits herself so much in the great scale in that chain, and 
the same rocks are distributed over such a vast extent of 
country. I shall moreover add, that the Alp^ are the only 
chain in which primiti?e gypsum^ has been supposed to be 
recognized ; it will then be the only primitive rock of which 
an analogous one has not been foutid in some other chains. 

It remains for me to sum up the conclasipnd tp which the 
facts I have produced have led me. ' 

1. It does not yet appear proved that there are in the Alps 
pr elsewhere, beds or masses of gypsum distinctly conti^iped 
in primitive rocks, and possessing pharacters of contempo- 
raneous origin with them. (I have demonstrated above that 
the gypsum quoted as primitive in the valley of Canaria, and 
in that of Cogne, is of later origin.) 

2. Many gypsums of the Alps form beds iQ a decided 
transition series. 

The beds with which this gypsum is associated are lime<i 
^tone and argillaceous schist, which here represent the grey- 
wacke or anthracite formation. (The gypsuin of Cogne, of 
Prigg, and of Bex, belongs to this class. * ) 

' * Of these, examples that of Bex, at least, U secondary: ' (Trans. )^ ^ 
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3« There also exist In the Alps maiij deposits entirelj 
8uperficial| mpst frequently in isolated masses of little ex- 
tent ; these gypsums most freqiieptly rest on a formation of 
transition argillaceous slate or anthracite (as ia the Taren- 
taise or All6e blanche) ; sometimes on transition limestone 
fas at Pesey and elsewhere in the Tarentaise ; lastly, even 
on primitife rocks (as at the Val Canaria) j many have an 
analogous aj^pearance to a deposit in basins. 

I am fully sensible^ that.it will be necessary to determine 
in a foore precis maqner the geological relations q{ those 
last gypsums that are met with on the ^rface* 

But I confess that I am not in pgssessipn of sufficient 
data to reselye this qiiestion completely. 

In the first place, these gypsums do not contain any fo- 
rfiign rocJiL ; at least I dp not know of any ; and 'they are pot 
covered by others. They b^ar many mineralpgical resem- 
blances to the transition j^ypsums; they often rest on transi- 
tion rocks ; I am acquainted with si locality (near Bex, in 
the direction of the mountains on the N^E.) where they 
almost form a continuation of the decided transition gyp- 
sum, and for an extent of many leagues, except with some 
interruptions. 

One would be led to imagine that these superficial gyp- 
sums were posterior to the former^ but that they equally 
belonged to the transition series ; that gypsum was deposited 
at different times during this period of formation, so that 
the first deposit was in the i^art of the series, and the latter 
on its surface, without howerer shewing itself associated 
with rocks of later formpiUon. But on the other hand, these 
same superficial gypsums of the Alps, bear many resem- 
blances to the ancient secondary gypsums obserred in Bava- 
ria, Salzbourg, Thuringia, and elsewhere. The latter are 
also for the most part equally white ; they contain like the 
former, anhydrous sulphate of lime, rock salt, and saline 
springs ; they are frequently close to fetid limestone, which 
is not rare in the transition rocks of the Alps ; in a word, 
there is but one difference between them, but that is in 
truth important j it is^ that they rest 90 9econdary rocket, 
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and form part of a series essentialljr posterior to the transi- 
tion class. * 

* As the gypBum of Bex has been shewn to be secondary, and to fonn 
part of the saliferous or new red sandstone series, and as M. Brochant de 
Villiers mentions a locality near Bex, where the superficial gypsum and 
that of the latter place are seen to be almost continuous, there is very 
good reason for supposing that all the superficial gypsums of the Alps 
may be referred to the same class, and it is possible that many of the 
ethers* also nay bdvng folfae same t|kk:h» pailicQlarlf Wbin it it neak- 
lected how much confusion has existed relatively to the transition rocks 
of this ehain; of this we Jiave a striking hrttaneerin the rocks netfrtibz. 
The difference between these gypsums and those of Gemany con- 
sidered as important, viz. one class resting on primitive and transition, 
and the other on secondary rocks, can be of no consequence, any supe- 
rior rock may rest upon an inferior one, the intermediatB roeks beJiig 
wanting : thus fi>r instance, tha oolite IbnBBtlon of tiie Jura rests on 
gneiss on the Rhine, at Lauffenburg, and lias on granite between 
Rouvray and Bfaison Neuve (departflMOt of 4he G4te d'Or, in FVaaoe,) 
(Trans.) 
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. M. dfi HoFjPs Cpunsdlfyr of Legation at 
' Gotha. 

(Extracted from M* LBonhard't Annumire/ BAineralogique, by M* 4e 
Bonnard, Engineer in Chief of the Mines.) 

(Annales des Mines for 1817.) 



M. de HoFF has published a description, in two volumes, 
of the Thuringerwald, a small chain of mountains, having a 
direction from N.W. to S.E. and separating Franconia from 
ithe I)achies of Saxony, the whole of which is also known 
under the ancient name of Thuringia. The geological part 
of this work has been extracted in 1VI« Leonhard*s Annuaire 
Mineralogiqiie for 1815 ; of that extract we are about to 
give the substance. We shall also extract some notices: 
1st, of a memoir by the same author on the secondary lime- 
stone of the northern sfde of the Thuringerwald, inserted in 
the Annuaire Mineralogique of 1810 ; 2dly, of a letter from 
M. de Hoff to M. Leonhard, inserted in the same work for 
1811, page 375, &c. 

The most elevated parts of the Thuringerwald are formed 
of granite, porphyry, and slate ; the granite principally forms 
the western extremity and all the southern slope from the 
crest. It sometimes rises as high as the summit, and appears 
here and there on the northern slope, or on the Thuringian 
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side ; Jbat is most frequently covered by porphyry and other 
rdcfesV Thi< granite, Very uniform in the nature of its con- 
stituent parts, varies greatly in their "proportion and size. 
The jquartz in it often forms veins* or geodes, soineiimes 
IJem^ginous^ whic'h hate giyeh rise 'to different mining VoikSy 
or rather researches. It also forms large masses that are 
worked, when pure,' for the porcelain mannfactoH^s/ A 
vein is worked in this granite at Hei^enberg,'^ near Ruhla, 
formed of quartz, fluor spar, sulphate of *^barytes, and hom- 
9tbne, containing oxide and carbonate of coppei', with copper 
pyrites. A part of this vein entirely consists of ' homstone, 
containing abundant fragments of graiiite.* - • • 

The granite, properly so calledj ' is surrounded by thick 
beds of rocks, presenting passage^ from granite into gneiss^ 
oir porphyry, sometimes l)y true gneiss sind primitive trap 
(amphibolites). The mountain of Tl*aehberg, between 
Wetssenberg and Winterst'ein^ i^ entirely formed of a rock 
composed of felspar and hornblende. All these formations 
are covered by mica slate. 

The gneiss and mica slates contain considerable beds of 
greenstone (diabase), and of porphyry of a compact felspathic 
f)ase, passing, the author says, into hornstone, very different 
from the porphyry in' large masisi^s, of '^hick we shall pre- 
sently speak.f 

All these rocks are traversed by numerous veins of quartz 
ajid heavy spar,' which were formerly worked, but are noiif 
abandoned. Mica slate is not found to the 6ast of Kleinsch- 
m'alkald^; but rocks of hombliende, felspar, and quartz, 
09cur in every vanety of mixture and grain, and constitute 
whole branches of ipountains. A little beyond, the granite 

dbappeaxs under red sandstone (alter konglbmerat) i farther 

\ . ' ■ ■ 

* This fviCt is analogous to that of ^le homstpn^ vein of Carlsbad^ 
(Jp^mal des Mines, vol. 38, 341). 

+ An example is here seen of the most ancient porphyry formation 
admitted by Werner. It is to be observed that the porphyry occurs here 
equally in gneiss and mica slate, whilst in the Erisgebirge it has not been 
found m the latter rock. (Journal des Mines, voL 98, p, 4#Q.) > . 
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stillf it is covered, by porphyry | it is again found only near 
Zella and Shnlf remarkable for its singular stmctnre^ for the 
laige crystals of felspar it contains, and for its passages into 
different rocks.* It b accompanied by primitive green- 
stone^ and covered by argillaceoos schists and clay slate^ 
which occupy the place of mica slate in the eastern half of 
the Thoringerwald. The schista are of a blackish or reddish 
ash gi^yy contain an abundance of quart^ose portiods, dther 
as grains, veios, pr beds, and very much approach the nature 
of mica slates* Some penetrated by quartzose particles, are 
worked as Whetstone slate. 

Porphyry is, of all the primitive rocks, that most abund- 
ant in the Thnringerwald, and forms the most considerable 
branches of two«>thirds of the length of the chain. Bej^n- 
ning with the west, that of the principal, or second formation, 
which we are at present considering, has generally an argil- 
laceous base (base d' argilolite), either red, greyish red, or 
pearl grey, and contains very variably sized crystals of fel- 
spar and quartz. The paste is sometimes ol a green colour, 
and the rock becomes apparently a horustone porphyry, or 
passes into a porphyry with a greenstone or trap base. 
These porphyries constitute an assemblage of steep rocks, of 
frequently many hundred feet elevation; and afford pic« 
turesque points of view in almost all the valleys. The moun- 
tain of Rupberg is remarkable, from the prismatic recesses 
the porphyry presents, as has been observed by Anschuez.f 
Very beautiful green porphyries occur round the Schneekopf, 
and in the environs of Schwarzwald, Oberhof, &c. Porous 
porphyries, whose cavities are often lined with small quartz 
crystals, are worked as excellent millstones. Their paste 
moreover contains , much quartz and felspar. A tolerably 

* M. von Raumer regards the granite in the environs of Suhl, as well 
as the porphyry that accompanies it, as belonging to the Sienite forma- 
tion, and as resting on the slates; he supports this opinion by his own 
observations, and those mentioned in the work of M. Helm^on the Thurin- 
gsrwakU (GeogDostiscbe Fragmente, p. 37, &c.) 

-I* Uber die Qcbirge und Steioarten des Kuifuriiiichen Scoehuschen 
Henncbcrgs, p. 114. ■ 
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extended commerce anses from these works, the producti 
of wjkich are known under the name of Krahwinkel mUl* 
stones. > 

Advaocuig towards the east, a change takes place in the 
natwe of the porphyries, and *tbe;y become generally of a 
tiappeaQ base. Yet forther east, biejond a Ime drawn near* 
\j from Gehreo to Eisfeld^ the porphyries entirely cease, 
and give place to slates. > 

The upper beds of the porphyritic rocks, those which are 
coatijfl;uoas to the amygdaloid (variolite) and red sandstones 
thai cover them, contain, in an argillaceous mass of a reddish 
grey colour, besides the ordinary crystals of felspar and 
quartz, cavities from the size of a pea to that of half a toot, 
ia diameter, but which are generally of the same dimensions, 
in the same district; the interiprof themis either filled witi^ 
chalcedony or hornstone, or furnished with a layer of that 
substance, lined inside by crystalli^d quartz, clear, or of 9^ 
viplet or reddish white colour. There are also sometimes 
crystals of carbonate of lime ; sometimes the cavity is filled 
with powdery oxide of iron. The porphyry surrounding 
these nodules, is penetrated by silez, which gives it greater 
hardness than the rest of the mass ; so that it longer resista 
decomposition, and numerous balls of it are found in th^ 
neighbouring rivulets. This rock is named ball porphyry, 
(porphyre 4 boules). 

Amygdaloid almost always accompanies the porphyry, and 
especially the ball porphyry (porphyre k boules) ; its base 
is of trap or wacke. The nodules are either in the form of 
almonds, and filled with carbonate of lime or chalcedony, ox, 
rounded cavities, void or lined with green earth, (chlorite 
baldogee), calcareous spar, or crystallized quartz. 

Transition limestone is entirely wanting in the western 
part of the Thuringerwald. It appears on the contrary on 
the.e^t under the grey wacke and schists that accompany it $ 
it is quarried in the valley of Sorbiz, near Tmschuitz, and 
known by the name of Schwarzburg marble. It is generall j 
of a dark colour, often altogether black, with red and brown 
spots, apd nuQierQi«5 veins of white calcarepus ^pajr* It 
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contuDB trocbites, spiral uniyalves (terebrae), and a few un- 
determined bivalves ; bnt there are no traces of corals ob- 
servable in it. 

Argillaceous transition slate forms a considerable mass of 
rock in the eastern part of the Thuringerwald, from Stein- 
Dieide to Lehesten, where it constitutes the whole of the 
northern, and a great part of the southern side ; it is in ge- 
neral black or grey, easily divides into thin and even plates, 
and is worked as roofing slate in numerous places, near 
Sonnenberg, Lehesten, &c. It contains beds of drawing, 
slate, whetstone slate, and flinty slate. Nodules of pyrites 
and quartz are also found in it. A singular variety of slate 
occurs at Feldberg, near Sonnenberg ; it divides into very 
slender separate pieces, possessing a certain degree of tena- 
cious softness, which renders them fit to be employed as 
styles, or pencils for writing on slate. It is pretended that 
this variety is not found elsewhere. 

Greywacke occurs solely on the east of the Thuringerwald, 
where it occasionally appears to alternate with slate. 
M. Heim regards it as situated beneath it. With few ex- 
ceptions it occurs only on the south, or Franconian side, and 
especially in the valleys running towards the Kronach ; its 
beds are sometimes as much as twelve feet thick ; but they 
become thinnet as they approach the slate, and then form 
greywacke slate. The greywacke is most frequently grey, 
sometimes whitish, blackish, reddish, yellow, or greenish. 
Its paste is the same as that of the argillaceous slates : it 
contains felspar, quartz, silvery mica^ and a reddish rock 
analogous to porphyry ; the whole in rounded grains, that 
are rarely of the size of a nut. Rocks are observable near 
Oberhasloch, in which the greywacke resembles a con- 
glomerate. 

These conglomerates, and micaceous or quartzose red sand<r 
stones (konglomerat rothes und graues liegende), which 
together compose the formation named red sandstone, con- 
sidered the most ancient of the secondary formations, are 
the most extensively spread of all the rocks in the Thurinir 
genvald^ It is this rock that forms the commencement of 
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the chain on the west^ rising rapidly from beneath the newer, 
secondary formations 5 it soon forms entire branches of 
mountains in the environs of Eisenach. It stretches alone- 
the chain, on the Thuringian side, for a considerable dis- 
tance. It also occurs in many situations on the Francotiian 
side ; it especially fills the valleys descending from . t^ 
primitive chain, and, in two places, even covers, in very thick, 
beds, the summit of this chain. It contains near Tabarz 
veins of fluor spar, heavy spar, and iron ore. Important iron 
mines are worked in it near Friederichsrode. The rocks 
constituting this formation are of very various natures; 
sometimes formed of rolled fragments of the size of the head, 
sometimes their grsdn is that of the finest sandstone, some- 
times they altogether resemble sandy or argillaceous schists. 
The intermediate varieties between these extremes are in- 
numerable, ^hen the rock does ' not contain any visible 
fragments, it is most frequently formed of red or green 
schistose clay ; this same substance forms the paste else- 
where enveloping fragments, the nature of which is that of 
the surrounding primitive rocks. Sometimes it contains' 
calcareous parts ; it is often a fine sandstone, with parcels of 
mica, and containing nests or nodules of clay. 

The coal formation of the Thuringerwald appears to be* 

long, as a subordinate member, to the preceding, to which,' 

according to the author, must be referred the sandstones 

sind schistose clays accompanying the coal, and with which 

relations always exist, but in a manber difficult to determine*' 

The coal formation occurs only in scattered patches, situated 

generttlly at the upper extremity or commencement of narrow' 

valleys, filled by the red sandstone rock. The roof and 

floor of the coal are cdmmonly of schists and sandstones, 

with impressions of ferns. At Tenneberg, near Tabarz, the 

coal is covered by Zechstein, or alpine limestone, a rock 

between which and the coal formation relations often also 

exist. 

The alpine limestone occurs in the Thuringerwald, of 
very variable thickness, and of very different nature. . M« 
de Hoff describes under this name : 1* nmmo^bitumini^s 
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w&kUi ; ^. Zechstetn ; 3. gryphlte limestone ; 4. fetid 
Ifmestooe (stinktein); and 5. Rauhkalk.* T&e marno- 
bitnmidons schist, when it does exist, always cohstitates the 
lower bed of this foraiatioo ; is remarkable for the metallic 



* A peculiar variety of alpine limestone is described under the name 
of Rauherkalk, or Rauhkalk, M. Voigt was the first thus to particukrise 
and name it (Praktische Gebirgskande^ p. 87). Its fracture is granular, 
and. it often appears penetrated by spathose particlMi its texture is 
porous, full of cavities $ these vary from the size of a pea to an inch in 
diameter; its name arises from the harshness of its touch. Dr. Jordan 
has given a new description of it in his Mineralogische Reise Bemer- 
knngen, p. 57 ; he refers it to stinkstein, but believes it different from 
that he has described under the same name of Ranhkalk, (Mineralogische 
und diemisohe Beobacfatungen, p. 1 18), which exists on the south of the 
Hartx, and in which occun the cavern of Einhcumloch, near Schartzfeld. 
M« Haussmann describes this limestone of Schartzfeld, under the name 
of BlasigerFlcetzkalkstein, and considers it as above the ancient secondary 
gyptom, and consequently as posterior to die alpine limestone (zechstein) 
sitBstsd beneath the gypsum; he says nevertheless that'there-appeara to 
be a passage frofti the stinkstein-to the Blaaigsr fleetskalkstein or rauhkalk 
of Jordan. (Nord-deutsche Beytnsge zur Berg und hiittenkunde, No. 3, 
p.. 100.) 

M. Freiesleben, in his interesting work on the copper slate of the 
Mansfeld country, describes, under the name of Rauchwacke, a brownish 
grey limestone, containing silex, sometimet bituminous, harsh to the 
touch, full of strange shaped cells, oocurring immediately above the 
zechstein^ that is, generally beneath the gypsum and stinkstein, and which 
he considers as different from the rauherkalk of M. Voigt. 

The same name of Rauchwacke is given in the copper slate mines of 
Kelgsdorf, in Hesse, to a limestone also of a smoke grey colour, and very 
<teUuUr, but which occurs above the zechstein, the ancient gypsum, the 
stinkstein, and even, as it appears, the second gypsum, and the clay 
i^coompanying it. This rauchwacke is then very different, geologically 
speaking, from that of Af..Freiesleben. 

, We have thought it right to place these notices together, the discus- 
sioii of which would produce long developments, in order to call atten- 
tioir to the confusion that exists relative to the names of Rauhkalk, 
Rauherkalk, and Rauchwacke, and to prevent the errors that it may 
occasion. 

jViole hy the Trantlaior. — In order to shew the analogies of the Alpine 
Hnibetdne, &c, to the magnesian limestone, and new red' sandstone of the 
Bngitsli series, T shall present the olassiflcatfon of the former series 
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' ores it often contains disseminated thfongli its mass, (giyiag 
rise to numerous worl^), for numerodH impressions of fish, 
and more rarelj for the impressions of plants it affords ;^ 
lastly, adds M. de Hoff, but withont noticing the locality, 
for the beds of coal it contains. Near Kupfersnhl, at the 
western extremity of the ehafn^the impression of a skeleton 
has been found in it, which has been recognised as belonging 

by Werner, and Freiesleben, a3 given by Heron de Villefosse (Richease 
MHnemle, vol. 2, p. )d6> &c.)y adding their equivalents in the English 
•eneB. 



CLASSIFlCA'nON OF WERNER. 
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New Red Sandstone 



1. Newer- limestone (neuere^ kaikstein) witft 
which is jarraii|^,the Ca)(reraous Udiectoiit 
(bohlen kaikstein) of the Jura, Swabia, 
and F/anconia. . 

'9L Rid dmy with gypsnm; 
3. Variegated sandstone (bunter sandstein), 

with oolites ; 
4.. Formation of rock salt and clay ; 
,5. Ancient gypsum and fetid limestone ; 

*6» Aneieat limestone, comprising : 
Cellular limestone (rauchwacke) 
Friable mafl (asche) 
€iryphite limestone (gryphitenkalk) 
Compact marly limestone (zechstein) 
Marno-bituminous limestone, named by 
some bituminseser mergelschiefer, by 
others kupferschiefer, (copper slate) ; 

New red Congjamerale J'- 'J^')'"^* sandstone (rothe todte Ue- 



Magnedian Limestone . c, 



CLASSIFICATION OF KREIEBLEBEN. 

Oolite.and Lias 1. Shell limestone (mnschel kaikstein). 

'2» Formation of sand and clay (sand und thon 
gebhrge) eompris«ng». without any dete»- 
mined order of su|)erpo8ition : 

Clay toamed letten) 

Marl (mereel)' 

Oypsum ( Aofi-«ype) • 

Sandstone (sandstein) 

Afgil U a oo iia ijron iQre.(t&«>naitigaa «ien- 
stein) 

The coal of this epoch (steinkohle) 

Lhnestone - (kiftkstetir) 

Oolite (raogeastBia). 

Sandy schist (sandgchiefer); 



. y. 
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to a species of crocodile^ and which is now at the rojal- col- 
lection of Berlin. Proceeding eastward, the mamo-hituini- 
DOttsschist is found on the northern slope, as far as Saalfeld ; 
on the Franconian sidie^ only to Flohe and Goldlanter. The* 
metallic richness of this schist is very Tariable; it most 
frequently contains copper pyrites, sometimes grey copper^ 
and carbonate of copper, at others only siilpharet of iron ; 
in some places galena and little or no copper ; in others, it 
contains no ores at. all. 

The mamo-bitaminous schist is generally coVered by 
zechstein, which often contains gryphites, more rarely corals, 
and Ycry rarely the points of belemnites. Gryphites are 
met with alsa near Schmerbach, with terebratulae, in the 
upper laminae of the schist bed, the inferior part of which 
contains the impressions of fish ; sometimes, even the same 
laminae contain the gryphites and the impressions. If the 
latter, as has been said, are freshwater fish, the presence of 



Magnesian limeitone • . * 



'8. Ancient iimegtoae (&lterer kalkitein) con- 
taining: 

a. Gypsum and fetid limestone (gyps, stink- 
stein^ 

b. Fetid limestone (stinkstein^ with 
Calcareous iron ore (kalkeisenstein) 
Friable mari (aache) 
Limestone, known by the various names of 

bdhlenkalkstdni rauhkalk, and raucb' 
wacke; 
c Compact marly limestone f zechstein) 
d. Marly schist ^oeigelschie^) 
The roof of {he copper slate (dach) 
The bed of copper slate (icupferschiefer 

flcBtz) 
IThe inunediate floor of fcreyish white sand- 
. stone (weiss liegende); 

4. Ancient sandstone (alteres sandsteiti ge- 
birge) comprising : 
Hie inferior noor of red sandstone (rothe 
liegendeV called floor in respect to the 
co[^per slate ; 

Coal measures. ........ .The coal measures (steinkohlen gebirge). 

For further informatioii respecting the connaoEion of the alpine and 
magnesian limestones, with full details of the latter, I refer the reader to 
that excellent work, Ma»rs. Conybciare and Phillips' Outlines of the 
Geology of England and Wales4 



New red Conglomera 
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marine folsslls in the same bed is rather a remarkable fact. 
Th^ remains of fish do not exist every wbere in the mamo« 
bituminous schtst. They occur near Ilmenau in a specie^ of 
flattened noddles^ situated in the middle of the bed ; upon 
clearing the nodules, the two impressions are seen, which 
are sometimes entirely filled by calcareous spar. 

The well characterised zechsteln, of a Smoke grey colour, 
lightly slaty, with a splintery and almost uiieyen fracture, 
Is generally but few fathoms thick.~ When it encreases 
much in mass, it changes its nature, and its upper part£t 
appear as stinkstein, or rauhkalk. As soon as it acquires 
the porous and <^vernouS texture of the last rariety, it be- 
comes of enormous thickness, and forms rocks and entire 
mountains of six hundred feet (English) and upwards in 
height. It is difficult to assign the constant relations be- 
tween stinkstein and rauhkalk, which often pass, Into each 
other. Tet the latter most frequently covers the stinkstein, 
the smell of which, sometimes scarcely perceptible, appears 
owing to sulphuretted hydrogen gaS, and not to bitumen. 
Both the one and the other do not appear to' contain fossils. 
Many considerable caverns are known in it, among others 
one situated near Altenstein, from which flows a consider- 
able stream, not far from Glucksbrunn. 

The red sandstone is sometimes wanting on the south of 
the Thuringerwald, and the alpine limestone rests imme- 
diately on granite ; on the north, the superposition of the 
limestone on the red sandstone, forms .altogether a straight 
line, prolonged without deviation, for many leagues across 
mountains and valleys. It probably results from this : 
I. that when the sea deposited this limestone, the shore, 
formed of red sandstone, was thus cut, it may be said, in a 
straight line; 2. that at this epoch the present valleys were 
not formed, or did not descend below the surface of the sea, 
since the waters would have entered into these valleys, and 
would have deposited the limestone, in the same manner an 
the red sandstone and coal formation have been deposited in 
the first valleys of the primitive rocks ; 3« that the waters 
under which the red sandstone and coal formations were 

G ' 
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deposited,, were much more eleTated than those which after^ 
wards formed the limestone heds. The author draws dif* 
ferent conclosions from it on the successive formations of 
valleys ; but confesses that many facts appear to him inex- 
plicable. 

M • de Hoflf says that the disposition of the gypsum, sand^ 
stone, and shelly limestone, more recent than alpine lime- 
stone, and surrounding the Tburingerwald, is known from 
the writings of M. Voigt. We shall only notice the super- 
positions made known by a gallery, named Herzog-Eknts- 
StoUen, pierced into the northern slope of the chain, near 
t*riederichroda, in order to discover the disposition of the 
beds, and to give occupation to poor miiiers. 

This gallery is pierced, 1, in variegated sandstone (bunter 
sandstein) very thick beds^of which it at first traverses, they 
contain subordinate beds of clay, which are often six^ or 
twelve feet thick. Afterwards occur, 2, four fathoms of a 
fine grained limestone, disposed in beds from a few inches 
to a foot in thickness, with a .regular direction towards 
about NW. by W. (9 or 10 heures), and inclining towards the 
east. This limestone is of a clear grey, or of a yellowish 
grey, granular, or almost spathose, often full of small salient 
points of a darker colour, which appear with a microscope 
to be spathose grains, and give the, rock the appearance of a 
fine grained oolite. No fossils are seen in it, and it gives 
out no smell. It is cut by a nearly horizontal vein of red 
clay, a foot thick, without the beds being at all shifted; but 
on the wall of this vein, the calcareous beds have a spongy 
exterior, about an inch thick, containing large spathose spots. 
Beneath this limestone, the gallery traverses; Sdly, a bed of 
clay ; 4thly, a soft marly limestone of a whitish grey colour ; 
5thly, another clay bed ; 6thly, another bed of grey lime- 
stone, compact, and a little cellular ; 7thly, clay ; 8thly, a 
thick gypsum bed, containing cavities, in which superb 
crystals of selenite have been found half a foot in length. 
It is only in this place, and near Kittelsthal, that ancient, 
secondary gypsum has been recognised on the north of the 
Thuringerwald« 9thly, grey clay is afterwards met with ; ^ 
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then^ lOthly, zecbsteiD^ with its ordinary characters ; 1 ithly^ 
mamo-bitaminoQs schist; l^thiy, red sandstone (todlie* 
gende) ; and lastly, porphyry, into which the gallery has 
only been driven a few feet. The total length of this gallery 
is 430 paces.* 

Basalt occurs only at some distance from the tme chain of 
the Thuringerwald, and forms some insulated mountains* 
These are the Pflasterkaute, near Eisenach ; the Dollmar, 
near Kuhndorf ; and the Steinsburg, near Suhl. 



* We again call the attention of our readers to M. Freiesleben's work» 
entitled, '^ Geognostischer Beytrag zur kenntniw des Kupfenchieferge- 
birges, printed at Freyberg, in four parts, 1807 and 1816," and in which 
the succession, the nature^ and mode of existence of the different secondary 
formations of the copntry of Mansfeld and Thuringta, are exposed and 
developed "by numerous and instructive details. A notice of these dif- 
ferent formations has been given by the Count Dunin Borkowsky, in the 
Journal das Bfines» vol. 86, p. 18S. (Note, Annales des Mines.) 
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On some basaltic mountains of Hesse and 
Thuringia. By M. ds Hoff. 



Extracted by M. de Bonmud* 
(Annales des Mines for 1817.) 



A Memoir bj M. de Hoff, inserted in the 5th yolame of 
the Magasin der gesellschaft naturforschender freunde (Ber- 
lin, 1811), contains a detailed account of many basaltic 
mountains, noticed slightly at the end of the preceding paper. 

The author in the first place remarks that the southern 
part of Germany is rich in basaltic rocks, which are on the 
contrary wanting on the north. He adds, that if a line is 
drawn from Eisenach io Miinden, and it is prolonged to- 
wards the N.W., and another line from Haute-Lusace by 
the Erzgebirge, cutting the first at an angle of from Qb'' to 
100% near Culmbach, in the country of Bayreuth, all that 
part of the European continent, situated to the north of 
these two lines, does not contain any basaltic rock,* which 

* M. Haussman however mentions basalt near Sandefiord, in Norway ; 
but considers that he ought to refer it to the transition series, as well as 
all the trapean and quartzose rocks that accompany it. He adds, that 
the south of Norway affords numerous geological paradoxes. Are the 
rocks mentioned by M. Haussman really basalts, in the general accep- 
tation given to that name ? (Note of the editor of the Annales des Mines.) 
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gives a {peculiar interest to the momitains of this natiire thftt 
exist On its limit ; such are the Meisner, the Bladekappe, 
near Eschwege, the Stoffelsknppe, and Pflasterkaute^ be- 
tween Eisenach and Marksnhl, the Steinsfonrg near Suhl^ 
the Dollmaf nearMeinnngen, and some other poiirts sitizated 
between these, which are all on the first of the lines notic^ 
at the limits. These mountains are moreover isolated in th6 
mid^t of secondary rocks; their position is entirely indepen- 
dent of the chains of mountains and principal valleys in the 
neighbourhood, and.it is at some leagues from them thirt 
the extended basaltic rocks of Hesse and Franconia com- 
mence. For that which relates to the Meisner, M. de UfAi 
refers to the works of Messrs Voight and Schaub. 

In the high mountains mentioned and described by M. de 
Hoff^ this remarkable fact is observed, the basalt does^not 
cover, as at the Meisner, the secondary rocks with which it 
is in contact ; but, on the contrary, penetrates through thera,v 
forming as it were Wedges, that enlarge in proportion as they 
descend. This fact had already been noticed by M. de 
Vorght, in his Mineralogische Reise, and in his Kieine 
mineralogische Schrifte, atfd by Messrs- Sartorius and Goer** 
witz, in the work entitled Die* Basal te in der gegend von 
Eisenach ; but the new observations that M. de Hoff has 
been enabled to make, in the portions of basalt recently 
laid open by quarries, and the plates with which his memoir 
is accompanied, can no longer leave any doubt on this head. 

The mountain named Blauekuppe, situated one league to 
the south of Eschwege, is Isolated, of a form a little elon- 
gated from S.W. to N.E., and composed, as is the stirrouhd- 
ing country, by reddish or yellowish sandstone, in horizontal 
beds from a decimetre to a metre [about 4 inches to 3 
feet 3 inches] in thickness. On the summit of this moun- 
tain, and in the direction of its length, a projecting crest 
is observed, formed by a basaltic mass, which cuts down 
through the sandstone beds, as may be proved in the quarry 
situated to the south-west. ' 

At a distance from the basalt, the sandstone is in reddish 
or whitish thin beds ', it contains numerous small plates oT 
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fnica, flattened nodules of clay are observable in it, whidi 
belong to the variegated sandstone formation* (bnnter sand^ 
stein.) Approaching the basalt, the sandstone becomes yeU 
}owish, loses its granular texture, and acquires an earthy 
and dull appearance. The horizontal fissures disappear, and 
are replaced by beds of brown clay some inches thick ; and 
a tmmber of clefts and fissures are seen in it. 

The wedge of basalt, which is only from three to four 
metres [about 10 to 13 feet] thick at the snmmit of the 
mountain, becomes thicker as it descends. On the east 
side J t is separated from the sandstone by an open cleft^ 
fs 'much, as a decimetre [about 4 in.] wide, and the sand*^ 
stone is, on the side of the cleft, covered by a vertical lining, 
from "^ve to si^i millipaetres [about J in.] thick, fornyed of 
an aigillaceons sand of a greenish yellow, penetrated by 
dendrites. Towards the, west the basalt is in immediate 
contact with the sandstone. An open and almost , vertical 
cleft is observable in the interior of the basaltic mass, di- 
viding it into two unequal parts, the najture of i^hich is not 
the same ; there are moreover a multitude of little fissures 
irregularly disposed. Towards its western end, the basaltic 
mass forms a hook, or almost horizontal branch, which pene- 
trates.some metres into the sandstpne. The fissures of this 
portion are almost all arched, and nearly parallel to the 
curve forming the hook. 

The basaltic mass contains, in its upper part,^the remains 
qf sandstone beds disposed horizontally, and divided (dso 
by the vertical cleft of which we have spoken above. It 
contains moreover not only common basalt, but, 1st, basalt 
ip balls, in an aggregate that in some respects resembles 
greywacke, which is penetrated by calcareous veins, and 
lumtains small crystals of oxidulated iron ; 2ndly, a basaltic 
amygdaloid (variolite), containing cavities filled by the usual 
spb^tances in such cases, but also enclosing fragments of 
sandstone ; 3dly, the basaltic homstone of Messrs. Sartorius 
and Gorwitz; 4thly, the lave litho'ide petrosilicense ofj 
I^lomieu ; .dthly, the blistered lava (lave boursouflee) pf 
., f New ired saiidstone fojiQjEition, (Traps,) 
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the same. M. de Hoff conceives that the two latter 8tt1>«« 
stances cannot be confonnded with any of those named ya* 
Tiolites or amjgdaloids,' and that they are ver^ eTidently 
lavas. 

Basalt, properly so called, constitutes especially the por- 
tion of the mass comprised between the middle cleft and 
the eastern part (also separated from the sandstone by a 
cleft); the variolites and the blistered laras form on the 
contrary the western portion, and especially the hook that 
descends into the sandstone. 

The nature of the sandstone and its change in the neighs 
bonrhood of the basalt, the fragments of sandstone beds that 
the latter contains in its upper part, the form of the basaltic 
linass, the hooked form it presents on the west, and by which 
it appears to have sought to escape, before it was able to 
raise the upper crust of the mountain ; lastly, the true lavas 
With which the basalt is associated, appear to M. de Hoff 
sufficient reason for believing that the wide cleft filled bjr 
basaltic rocks has not been filled by precipitation, and from 
above, but from beneath, and by the raising of a mass in a* 
liquid state. He considers therefore that this situation speaks 
in favour of the volcanic origin of basalt. 

To the §. E. of the Blauekuppe, 1st, between Stedtfeld 
and Horsel, in the country of Eisenach; 2dly, near Hiit- 
schof, on the road from Eisenach to Berka; 3dly, at the 
Kupfergrube, between Weinschensuhl and Horschlift, three 
facts* are observable analogous to those seen at the BliEtiiCr 
kuppe, that is to say, the basalt traverises beds of variegated 
sandstone.* The same fact is also remarked at the Stoffels- 
kuppe, situated at a greater distance in the same direction ^ 
it has been described by M. Danz, counsellor of mines, in 
the second volume of Observations of the Society of Berlin. 
Fragments of sandstone are also seen in the basalt of this 
place. 

The quarry of Pfiasterkaute, near Marksuhl, is but half ^ 
league from the Stoffelskuppe, and the basalt of the one is 
probably the continuation of the other. The basaltic ^ass. 

* N«w red sandstone. (Trans.) 
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is here from three to four times thicker ib its upper part than 
at the Blauekuppe ; it in the same manner traverses almost 
Tertically the horizontal beds of sandstone. It is here also 
seen to become thicker as it descends, and in the western 
part of the quarry a considerable mass of basalt is seen alto- 
gether beneath the sandstone, the beds of which surround it 
in a singular manner, following all the sinuosities of the upper 
surface of the basalt, an effect that could only arise in con- 
sequence of the softening of the sandstone beds, occasioned 
by the heat of the basaltic mass in fusion. 

The nature of the sandstone is also altered in the neigh- ^ 
bourhood of the basalt ; it becomes very divisible, earthy, of 
a brown colour, full of dendrites, and offers all the charac- 
ters* of that of ther Blauekuppe. The basaltic mass is com- 
jposed in part of basalt, containing zeolites, chalcedony, 
olivine, calcareous spar, and oxidulated iron, and in part of 
variolite, and basaltic homstone (homstein basaltique) ; hol- 
low nodules are met with in it, of which the crust is formed 
of oxidulated iron, and the interior lined by calcareous spar 
in dodecahedral crystals. 

The Steiusburg, near Suhl, is a mountain formed of nearly 
horizontal beds of variegated sandstone (hunter sandstein.) 
A basaltic ridge appears on the summit 20 metres [about 66 
feet^ thick* This ridge appears on the surface, for a length 
of about 120 metres [393 feet], in a direction from S.W, 
to N.E. On the slope of the hill is a quarry in the sand- 
stone. 'A society of geological amateurs united in order to 
have a gallery pierced from the quarry to the basaltic mass, 
at about 20 metres [about 66 feet] from the surface, and 
at eight metres [about 26 feet] in vertical depth, the basalt 
was met with still cutting and traversing all the sandstone 
beds, as it descends. The basalt is separated from the sand- 
stone by a species of vertical crust of sandstone about two 
centimetres [nearly 1 in.] thick, afterwards by a bed of soft 
clay, of a blackish grey colour, three centimetres [a little 
inore than 1 in.] thick, in which are fragments of sandstone^ 
and which also contains tables (tables) of basalt ; the basalt 
is afterwards found in tables disposed parallel to the side 
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of the mass ; and lastly the basaltic mass, full of irregalarly 
disseminated clefts. This basalt contains much oliyine, 
hornblende, and felspar ; it also contains fragments of sand- 
stone, but neither yariolites or lavas have been observed in 
it. As these relations of position to the sandstone are only 
made known by this gallery, it might be said that the basalt 
is here a vein in the sandstone ; but M. de Hoff observes 
that every thing leads us to the belief, judging at least from 
analogy, that this position is of the same nature as those 
before noticed. 

* The basaltic rocks mentioned in this paper are evidently the same 
as the basaltic ai^d other trap dykes of the British islands. A very in- 
teresting and detailed account of the trap dykes of Anglesea by Mr. 
Henslow, occurs in the 1st volume of the Cambridge Philosophical 
Transactions, page 401, &c $ and those of the Hebrides, &c. will be 
found ably discussed by Dr. Mac CuUoch in his account of the Western 
Islanxls, and in the Geological Transactions, which also contain many 
other descriptions of similar fiusts. (Trans.) 
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Report on the Tin of Piriac (department of the 
' Loire Inferieure), hy Messrs JunKER and 

DuFRENOY^ Assistants to the Ro^ at Mining 

Carps.* 



(Annales des Mines for 1819.) 



: The rock^ of the coast from St. Nazaire to the mouth of 
tbe Vilaine, comprise two distinct but primitive formations. 
The first entirelj granitic, extends from St. Nazaire to about 
two kilometres [8000 feet] on the S.S.W. of Piriac. 

The second^ which is schistose, forms nearlj the whole 
of the remainder of the coast. It is at the separation of these 
two formations, that is to saj, at the northern extremitj of 
the granite, that the oxide of tin is met with. 



Granitic Grottp. 

The granite of St. Nazaire, Guerande, and Croisic, is 
generally small grained, of a brownish grey colour, with 
black mica, often traversed in every direction by numerous 
veins of fetid quartz. It sometimes contains crystallized 
tourmaline (schorl?) as also felspar. In some situations 
(at Turballe and Clis), the latter is found alone with the 
quartz, producing the mineral named graphic granite^ which 
occurs in the most ancient rocks. 

♦ I have extracted only that part of this Report which gives a geo- 
logical sketch of the country in which the tin occurs. (Trans.) 



Onih^ TtnofPinac. Wt 

The granite sometimes presents the appearai»ce of stratifi- 
cation ; the beds seem to have a direction from S.E. to N.W; 
and to dip towards the sea, i. e. towards the S. W. at a small 
angle with the horizon* It contains but few snbordinate 
beds; some stripes of no great thickness are seen in it o{ 
¥erj micaceons dlate, or rather of mioa in mass, and very 
large grained granite, especially at Clis and Pouliguen. 

The part of this coast comprised. between the Croisic ta 
about 1500 metres [4839 feet] on the S.S. W. of PiriaCy, 
is still granitic, and presents nearly the same characters as- 
the preceding, for two-thirds of the distance, i. e. veins are 
seen in it of quartz, of quartz and tourmaline (schorl ?) of 
quartz s^id felspar, of graphic granite, and very fine grained 
granite. 

As the point that we have mentioned is approached, at 
the separation of the two primitive groups, the grain of the. 
granite becomes larger, particularly in the last 400 metreS; 
[ 1312 feet ] which contain the oxide of tin. The 
slightest trace of stratifijsation is no longer observed in it i^ 
the veins become thicker and more numerous, and scarcely; 
contain any thing but crystalline quartz. All this extent of 
coast is covered by a bed more or less thick of quartzose 
sand^ a species of dune or arid bank of many inches in 
height formed of this same sand, accumulated by the winds 
and waves, borders the sea, and serves as a dyke against lt.j 
Thus it is only on some masses, uncovered by the sea at 
low water, that we have been able to make our observa-. 
tions. 

. At a short distance from the separation of the two forma- 
tions, the sandy dune begins to rise ; farther on it exposes 
the granitic base to view, which it before masked ; it is soon 
reduced to a few decimetres thick in sand, covering the 
rock that becomes more precipitous, and rises above a sandy 
beach successively washed by the tides* 

Schistose Group. 

, The granite ceases near the hamlet named Penhareng,. 
and H replaced by a suite of remarkable schistose rocks* 
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Tb« sofface ait the separation of the two rocks, at least 
iTie paK that can be obserred on the coast, is tolei^blj re- 
gular, with the exception of two points w^hich the granite 
forms in the schist, and round which the latter maiaties ; it 
has a direction from N*W. to S.£. 
. The iirst rock of this group, composed of miea and quartz 
in very Tariable proportions, bccnpfes a space of about 50 
metres [164 feet^ in the parts nearest the granite ; mica 
of a golden jeUow colour is most abundant, the rock is retj 
soft and decomposed. 

Beyond this, the quartz augments and communicates to 
tihe composition ks hardness and indestructible character. 
It is then in some places reddish, in others yellow ; some- 
times even the quartz is the sole ingredient, apparently 
without mica, and without change in the schistose structure 
of the Fock ; it is on a small scale, only very much contorted, 
and contains within its folds nodules ot quartz. 

The rock that immediately follows the last is composed 
of mica and tourmaline (schori ?) Ill yery thin needles, cros- 
sing each other in every direction, and of a little quartz. It 
i& not contorted, and contains veins of quartz and felspar 
parallel to the laminae. 

The tourmaline (schorl ?) Is sometimes so abundant in it, 
as to form black stripes or veins, giving it a ribbon-like 
structure. 

The third rock, forming the point named the Bichet, is 
composed of grains of quartz, and crystallized felspar dis- 
seminated in a paste of greenish-grey mica ; it sometimes 
contains in the direction of the laminae veins of quartz, at 
others of felspar, often swelling out considerably. 

The fourth rock differs from the preceding in no longer 
containing the grains of quartz and felspar ; the paste alone 
remains, which is of a greenish-grey colour, very soft and 
unctuous to the touch. 

It is covered by a singular rock, which is a quartz, pos- 
sessing an imperfectly schistose structure, of a dark black 
colour, containing between its lamina; a black brilliant sub- 
stance that strongly soils the fingers, and is probably com- 
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bustible*. Tbi» . rock (orms rather large vdos miDCli con*^ 
torted and interlaced hf Teim of jeUow quartsy tfaanbedf 
propel^ so called* 

Very thiii Tetos. of yellow oxide of iron haye beeii firaad. 
in ity parallel to tbe laminae. , 

The sea has hollowed a very deep caT^ra out of this rocky 
called Madame. 

An e&tremely schistose rock^ composed of greenishpwhke 
micai^. grains of quartz, and felspar, and sometimes crystal*' 
Itzed garnet, afterwards occupies all that part of the coast 
comprized between the cavern of Madame and Castelli point,, 
where the shore, after haviiig attained its greatest heigh t, 
10 or 12 metres £about 33 to 39 feet 6 in.], begins again 
to get progressively lower. It is followed by the rock 
No. 4, then by the same black quartzose rock that we have 
just described. 

Lastly, beyond- Castelli point, near a- cavern named Trov.' 
dtt Moine ion, small grained granite is found*, resembling 
tiiat which precedes the schistose group, but of little extent-; 
it ceases in the midst of the -port of Piriac, near which it' 
participates in the schistose structure of the remainder of the 
fbrmation. * ' 

This granite is covered by a greenish-grey schist, at first' 
micaceous (composed of quartz and mica), but which soon 
changes its nature, containing hornblende and passing into 
greenstone. 

The first of these schists contains betweeh its laminae some 
spots of sulphuret of iron,, and: consttitutes the surlace of tha 
coast from the port of Pirtao to' the environs of Pbrt aa 
Loup. The second contains garnets as an accidental mix- 
ture, often in considerable quantity, and oxidulated iron,, 
and extends from Port aa Loup to the passage of Trehiguier 
on the Vilaine. 

All these beds have a constant direction from S.E.toN.W^*- 
nearly, presenting a remarkaj^le disposition with regard to 
their dip. Those which on the north follow the first, stan- 
qiferpusi granite^ to the middle of the greenish rock* JNo« 6», 
situsUied between* the poijfxta of Bichet and QftitelH,. dipito«. 
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wards ^he N.E. at an angle of from 45'' to 60^ withithei 
perpendicular, wbiUt the others dip -to the S.W. at an angle 
of 60*^ to 80% and cover the second granite of Trou da, 
Moine fon. The latter is above the schist of Port Piriac, 
which dips under it towards the S.W. at an angle of from 
40* to 60% and has a direction from S^W. to N.E. which is 
that of almost all the rocks of Brittauj. It then appears* 
evident ; 1st, that the two groups we have described belong 
to two different formations ; 2dly, that the j are essentially 
primitiye, and that the first, containing indications of tin, is 
the most ancient** 
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Indications of tin are met with in the 400 last metres 
[4iboat 1312 feet] of the gramtic rock, and at abput 1500 
metres [4839 feet] to the S. S. W. of Piriac.; the roc^. 
or the Teins they contain are on]ij , exposed m the numerousr 
reefs projecting into the sea, which with the exception of: 
some points or summits, are covered by every tide* The re-, 
mainder of the beach to the escarpment terminating it, and 
against which the sea breaks in bad weather, is commonly 

. * This stanniferous district of Brittany, is most probably a continpa-, 
tion of the stanniferous rocks of Cornwall, more particularly of the 
Land's End ; it does not appear however that the schistose group con- 
tains tin as in Cornwall; from a memoir published in the 8d vol. of the 
Gtoological Tranasctions of Cornwall, by Dr. Forbes, it appears that the: 
Iiand's End district may also be divided into two groups, the granitic, 
and schistose, the granite like that of Piriac, is stanniferous, and the 
schistose rocks may probably be referred to the same age as those co- 
vering the granite in that district; greenstone occurs in the schistose 
groups of both countries; the Schorl (tourmaline) ro6k of Brittany ap- 
pears as separated from the granite by a rock of mica and quartz, where-* 
as in, Cornwall it appears to be a modification of granite. With regard 
to the other schistose rocks, felspar and hornblende appear most abun- ^ 
dant in Cornwall, and quartz in Brittany. 

For a particular account of the schorl rook of Devon and Cornwall, 
consult Mr. J. J. Conybeare's Notice on the Qeology of those counties, 
(Annals of Philosophy^ vol. ft. new feries, p. IS8 and. 189.) (T>ans). 
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cofered by-^ thick bed of sand, which, in manyplacevg 
is iiiternipted by masses of granite or salient veins of qiiact% 
bolder and tougher than the restj and which hare resisted 
the effects of- the waves and decomposition. i 

Aboiitihe equinoxes^ and especially that -of Aul1n■l^, if 
sometimes happens that the sea removes this bed of sabd aNl 
gravel, and when retiring shews the structure and mode of 
occurrence of the veins that traverse the ground ineverjr 
direction. But shojptly (generally at the next tide) the 
same sands are brought back again ; and the inhabitants oC 
Piriac are the only persons who can profit of these valuable 
moments, in order to observe the 'veins, and collect withant 
trouble, the fragments of or« broken off from their plac^ 
and washed by the sea. 

[In order to ascertain the thickness of. the sand. and to, 
study the rock beneath, the authors opened a trench %00 
metres £about 656 feet] long parallel to the west, and ex- 
tending, to the separation of the. granitic and schistos,e rocksj., 

The sand covering Ibe.rojck beiug about three or four de« 
cimetres [about 12 to 16 in^] thick, was soon traversed. We, 
constantly found in the inequalities of the granite sui^tce^ 
that it covered tin sand, and pebbles having a mean diame-v 
ter of two to three millimetres [about fin.]j many of whichj 
still shewed crystalline forms. 

The granite occurring beneath is generally very soft, and 
the felspar in the state of Kaolin. From this circumstance 
it has been incorrectly stated that the oxide of tin was 
found in clay at Piriac. This granite and the rocky masses 
advancing into the sea, are traversed by numerous veins of . 
greyish-white and fetid quartz, often containing crystals of 
felspar and mica. These veins are of very variable dimen- 
sions, being from one and two centimetres [about \ in.] to 
many metres in thickness. Their direction and inclination 
also varies, they cross each other in every direction ; often 
swell out considerably, forming with each other a tme 
stockwerck, analogous to those of Geyer in Saxony, and 
affording a disposition resembling that of the carbonate of 
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magnesia and common opal, (quartz r^sioite) in the serpen- 
tine of Piedmont. 

It should be remarked that few of these Teins are metal- 
liferous) and that out of more than ten cut by the trench, 
two only afforded oxide of tin, and those irregalarly and 
without continuity. 

[Here the authors describe yeins bent in dilRerent di- 
rections.] 

The trench was cut for some metres in the quartzose 
mica slate covering the granite, but nothing was discovered 
in this part of it. 

Many of the veins which cut the rocks covered by the 
dde, and especially those near the Tombeau d'Almanzor, 
having been foond to be stanniferous, we attacked them 
with the intention of discovering the mode of occurrence of 
the ore, &c. 

We found that the oxide of tin occurred in nests and 
Teins, accompanied by quartz and mica, often decomposed. 
In nests when the quartz was abundant; in veins on the 
contrary, when mica predominated ; in the latter case the 
tin is in greater quantity, and it is seen to' augment the 
more the mica and granite are decomposed ; the tin is then 
in a loose and friable state. 



Constd&dthns on the piace that tfte granitk 
r4>cks of Mont Static and other cenirat sum- 
mits of the Alps ought to occupy in the order 
of anteriority of the primitive series. By M. 
Brochant de Villiers. 

(Animles det Mines, for 1819.). 
. Read at tbe Boyfl^ Academy of Sqksiicet) Bfay £7, 1&16, 



^e tf^ne of graidt^ was formerly giyen to all-nii^d roeks 
composlsd of ciystalline mfioerds. Sanssure has oftes' em« 
ployed it in thiij geneiral sense in his* works. 

inie high Alps of Mont Blanc and St. fiemard^ havings- 
been much more visited than other parts of the ^me chun, 
granites have been mentioned as* occurring there^ and have 
been cited in all works on geolbgy. 

During the last fifteen years^ mineralogilsts have agreed' in^ 
restrain ^e meaning of the word granite, and only to apply 
thfir name to rocks composed of felspar, quartz, and mica,^ 
in a crystalline and not schistose state, and many other rocks 
formerly confounded with them^ have been reniovod frtmi' 
them. 

* Dr. Mke CuUoch has observed (Classification of Rocks, p. SSO and 
SSI), that " this distinction is too limited for practical purposes; and, ii| 
a geological sense in particular, it i^ inadmissible:" he states granite aa 
consistiBg fundatneptally of quartz, felspar, mica, and homblepde, vah- 
ribusly combined, other minerals occasionally entering into its oomposi^ 
tion and forming integrant parts of it. For a synopsis of this sMbstancf; 
poi^sult the work cit^ above, (Trans.) 

W 
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Nevertheless, granites have continued' veiy generallj to 
be admitted in many places in the Alpine chain, especiallj 
in the enormous mass of which Mont Blanc is the centre 
and most elevated point. The rock which is there most 
abundant, has been, and is still verj generally called granite* 
Geologists had obseryed, it is true, that this granitic rock 
oi Mont Blanc offered many characters, which caused it sen- 
sibly to differ from the granites observed in other chains. 
It had been remarked that it contained ta)c instead of mica, 
that it was very frequently disposed to a schistose texture, 
and that it sometimes possessed it. ' 

Thus many naturalists have thought it right- to describe 
this rock separately, but always as a variety of granite. 
M. Jurine alone has proceeded further, and has given it 
another name, that of protogynej on account of the differ- 
ences which distinguish it from the true granites. M« 
Brongniart has mentioned it under this name in his classifi- 
catioD of rocks. • 

The greater number of ge(4ogists have not doubtless 
judged this distinction and - denomination necessary, since 
they have not adopted it. - I had long since remarked these 
anomalies of the granitic rock of Mont Blanc, and tiiey 
struck me much more when I began to search in the Alps 
for the characters of the different formations;, such as they 
have been very generally recognized in many countries far 
distant from each other«^ 

Besides the presence of chlorite talc instead of mica, and 
the schistose disposition of this rock, I observed that the 
quartz was disseminated in it in a peculiar manner, and 
that it was often wanting. 

♦ Let me be permitted to observe, en passant, • that it is rather extra- 
oTflinary, that we have not as yet a saiisfactpry geological description 
of the different primitive formations of tlie Alps, although it has so 
often been visited by able geologists. This no doubt arises from the 
great elevation of this chain, its immense glaciers, and its escarpments^ 
which render geological determinations much more difficult than in low 
chains. 
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Another circumstance surprised me much ; this was to see, 
among the dehris proceeding from the mass itself of Mont 
Blanc, the granitic rock associated with many others often 
extremely schistose, and the greater part talcose ; even ser- - 
pentine is met with, as also masses of actynolite, a substance 
almost solely belonging to this kind of rock. The true 
granites of other countries are, on the contrary, nearly with- 
out mixture, without any other subordinate rock, and they 
never, or nearly never have, a tendency to the schistose" 
texture. Lastly, the granite which forms such considerable 
masses in other chains, appears to me very scarce, and 
greatly divided in the Alps. There are no doubt chains of 
mountains without granite ; but from analogy, it is extraor<< 
dinary that true granite should shew itself in such an ele^^ 
vated chain without occupying a greater space, or at leadt 
without appearing more frequently. 

All these irregularities (many times verified), joined with 
other circumstances, inclined me to suspect, as I have an- 
nounced in another memoir (Journal des Mines, No. 137), 
that the granites and other primitive rocks of the Alps, at 
least from Mont Cenis to St. Gothard, appeared less ancient 
than the other primitive rocks ; a conjecture which has been 
a4opted by M. von Buch. 

Without having the intention of at present attacking in a 
more positive manner the primordiality of the rocks of the 
Alps in general, I shall venture to undertake not only to 
confirm by new considerations the doubts already raised 
with respect to the granitic rock of Mont Blanc, but to shew 
that it is not a true granite, either mineralogically, nor 
geologically, and that in these two respects it appears to 
unite itself, by different gradations, to a talcose rock widely 
Spread in the Alps. 

' If I am not able entirely to convince naturalists of this 
approximation, I hope at least that they will acknowledge 
that it very well explains the irregularities that the granitic 
rock of Mont Blanc presents, compared with the tr^e gra- 
nites of other countries. The talcose rock which I have 
observed to possess relations to the granite of Mont Blanc, 

H 2 
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mg\kt .he jp^|De4 ickUiQsefikp(Uhk iak or chhritey or, in 
qk40i^ ^{kt to depart i^o i9uclf from the names under which 
i^any qf its varieties have heon noticed, talcose (or chlorite) 
ftbpcUhic schisi. The following is its geological association. 

It Is known how abundant talc and talcose rocks are in 
the Alps j the mica slates w^^ich are there also frequently 
fpnn^, and in :the same associations, afford continual pas- 
sages of jnic^ jinto talc, from .mica slate to talcose slate, and 
ev«m into ,Ui^ ^green schist named chlorite scliist (chlorite 
^j;li^\^^)lp Jt juay even he ^d ihat tak;, ai^ the talcose 
ipc^LS in general, are m^ch inqre frequently met with than 
ifiicfk and t!^ ipicaceous r^cks. The micacQp^ limestones 
ig;e much more rare than the ^Qose Umestoaes ; and this 
predominance o^talc is fibove all^reat^r qp the Italic side, 
i^th^ugh Jit is also observed on the other si4e of the chain. 

Almost all the micaceous qr taleos^ SiPhists are green, and 
^\fi gre/en amilvqgous to jth^t^of chlorite. Djistinct plates of 
^0^a qr tftlp ai^ rarely sejen in it; it presents more pr less 
skM>i|ig surfaces, having frequently j^ slightly fibrous texture. 

Ampfig t|hefe j^f^j to which one would he inclined to 
gvre solely the generic na^e of falc^^ 9chiftSy since the 
greater part axe really taljcose, ai^d t)^ P9(SS^e qf tak into 
mica is so frequently seen in the jsao^ h]pcif.; there are 
fome iplxe^ with crystal^ qf ieUpaf, ivbji^ s^ the com- 
pq^i^ rpck$, that I nam^ ^ I have al^ieady ^^d, talcose 
fekpfiifdc schists. 

They a^e very Sequent in th« Alps , I have observed 
^hes^ V^ ^y9J9 thp Va^s^ ;t^e valley of Aostai and in 
^meroijis pl9^e^ ; they are most ahundanjt in the eiiikvirqus of 
Mq^t ^]!eivi|;i ; ^qji/i I hav^ spiOe fpuiyji them in ropks from 
Qorsica. IjL is iii^possillpJIie tl^p thesje talpqse feL^patJI^ic schi^sts 
should have escaped the attention of the j^ainproi^ geolo- 
g^ts iirhq h^ye visited tt^sp cquntrie^ ; yet it do^ npt ap-> 
pear ths^t t^ey ar^ fifl^n found i^ collections ; neither hav« 
th^y been separ^ely notice<^, U^ geplogii^l descriptions of 
different fgp^tipns, j)^j: in the cl4Ssifif;^tioDS of rocks; 
i^y haye np deiji^t b.eep p;^^ly compri^ in the gneiss, 
p^tiy if^ ihfi mica ^l^s, ^ i:^ P^^ljf Ifi the cl^lpr^te slates. 
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M. Brofighfkrt !ia« deSicilbed blie vartety tinder tlte iitofee df 
porphyritic gneis^ (grieli^S pbl^pfiyroide)^. 

t cohceite Rbwetef tlisit tliis roct dfeBerVcSI fo-iye cbitsi- 
sdefedalohe^ at led:st geolbgfcalty, becatif^e it i^ sK) fifefquenflj^ 
met witfi, imd oti aCftotitif (ff tlTetrtiifbrttfity obsetvdMe iti Hj^ 
prlficipal cKaradtfefS. 

I shall endeavdtfr t6 iif6tice' ihet», and dh6i^ tB:6 |>a2BS^er 
tinitirig tTie diff^fi&lit i^fiietrbs. 

The principat afid pYomiherit 1^^'6 of thid roV^k idf^ stltl!^ 
tbse talc, commonly of a gfeeii coldur, beCwe^ti \^€k gri^^tr 
and meadow green, analogous tx> ttiat of chlorite, as I haVd' 
remarked for the tafco^6 schists in general. 

The texture is atmo^t always a litfl6 fibitous, tod tlTef 
fl-actufe schi^toS^ ; btit the lliminai are scarc^fy evei^ so tfilA' 
as in the trile taiCA slates. 

The feT$t>af is tihtf^lr&iiy disseMlnafed' in It in ctystlAlir ot 
Aost cdmfnonly, one milliinetre [^ of an rri.t in Ifehgth ; 
sometime^ of two or thrfee centimetres [about fin.] in 
tlie Varieties resemhiing gneiss (to€k of Cervin in the Taren- 
taise); sometimes very smalt and scarcely discernibTe ;' 
small white points are sofely seen at the surface or rather at 
the edg^S^ of the rock, and' the felspar iis only recognized in 
it by the passages that are ipet with in the same block into 
dther varieties where the crystals are visible* 

Quartz very rarely extsts' in it, and most frequently ap- 
pears to be entirely wanting ; when ft is visible, it is very 
irr'egillarry disseminated' in small grains grouped together. 

Hornblende does not shew itself in it ; at least neither 
pristias nor laminated needles of that substance are niet with; 
But it is very certainly sometimes intimately mixed in it. 
Itocks decidedly of hornblende are seen associated in the 
same mass with the talcose felspathic schist, and insensible 
passages may be traced between these two rocks. 

These and many other passages give reason for cdnJJEic- 
turing that it is sometimes to an intimate mixture of horn- 
blende, sometimes to an intimate mixture of quartz,, and 
perhaps also of felspar itself,, that the differences of hard* 
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ness and toaghqess ought to be attributed, which are obseri* 
Table ia the different varieties of this rock* 

There -are some that are yerj difficult to break, and at the 
same time rather hard : these are near the horobleode 
rocks; others are easily broken, and are very hard, they 
contain grains and veins of quartz ; others, lastly, are tough, 
as they receive the impression of the hammer without break- 
ing, and are at the same time very soft, so as to be scratched 
and cut by the knife, like talcose rocks, and especially like 
chlorite schist, from which in fact these last varieties only, 
d^er in the presence of felspar. 

From this sketch of the characters of these talcose fels- 
pathic schists, it would appear that rocks very different 
from each otlier were united under this name ; when they 
are observed in place, we are invincibly led to acknowledge 
ihis affinity. When considered in collections, varieties are 
no doubt remarked apparently very distinct, and which it 
might even be useful to describe separately, though com- 
posed of the same minerals ; but these mineralogical differ- 
rences lose the greater part of their importance when they 
are not joined with those which are geological, especially 
when we see, and often in the satne mass, very frequent in- 
sensible passages of one of these rocks into the other. 

I have already noticed the places where I have observed 
these talcose felspathic schists ; if the high valleys of the 
Alps are passed over, from Mont Rosa to St. Bernard and 
Mont Blanc, even in part as far as Mont Cenis,' and no 
doubt beyond these limits, a great predominance of the tal- 
cose rocks cited above will be met with ; and in the places 
where they are the best characterized and most abundant, 
will be found serpentine, either pu^ or mixed with lime- 
stone, fine grained hornblende rocks, more or less crystalline 
limestones, chlorite schists often mixed with oxidulated 
iron, lastly^ the rocks I have mentioned under the name of 
talcose schists, and in the midst of these two rocks different 
varieties of the talcose felspathic schists I have described, 
which soiAetimes form distinct subordinate beds, and are 
sometimes united to them by insensible gradations* 
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Let us now retain to the granitic rocks of Mont Blanc. 

It has, like our talcose felspathic schists, felspar and talc • 
for its principal constituent parts. The talc in it is most 
frequently of a dark green, and of the same green colour -. 
common to chlorite ; it forms small veins which have alwaj!:^* 
a slightljr fibrous texture. The rock constantly has a greater 
or less tendency to the schistose texture ; it sometimes even^ 
becomes decidedly laminated, and what is very remarkabie, i 
the specimens collected at the summit of Mont Blanc afford, 
this character. There is a difference only in an inverse re-, 
lation between the constituent parts. The felspar predo^- 
minates in the. granitic rocks ; the talc in the schistose. : 
But this difference in the proportions, which to the mine-, 
ralogist is verj great, is only essential to th^ geologist (as I-. 
have above stated) when it is joined to differences of po-r 
sition, formation, &c. as between greenstone and syenite.* ^ 

Quartz is nevertheless found also in the granitic rock 
of Mont Blanc ; but I would recall to mind that it is some- 
times met with in, the talcose felspathic schists. It is in truth; 
rare in it; but it is any thing but constant in the granitic* 
rock of Mont Blanc, and it occurs rather in knots or small* 
nodules,- scattered or irregularly grouped, than in crystal- * 
line grains spread uniformly through the mass, as is seen in 
the true granites. There are even varieties in which it is ' 
altogether wanting, and they are rather numerous. 

The> two mineralogical differences that I haie noticed' 
cannot therefore have any influence on the determination of' 
the geological notions that ought to be entertained of the 

*" I have cited this example because it is most known. It may never- 
theless be with reason objected, that these two rocks are sometimes, 
found united in the same formation $ but it is not the less true, that each 
gives peculiar characters to the formations where it predominates. 

Note 6y the Translator, — ^T^e syenite and greenstone of the trap ridge ' 
extending from Bolton Beacon to Benton Castle, in Pembrokeshire, foria ' 
parts of the same mass, as also in the trap district of Gouldtorp Road, 
in St. Bride's Bay, (Pembrokeshire) ; the trap in both instances has 
apparently greatly disturbed the coal measures and carbouiferous lime- 
stone. For an excellent account of the syenites, greenstones and otlier . 
overlying rocks, see Dr. MacCtslloch's classification of rocks. • 
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gmiitfe r6du of Mont Blanc^ whilst -on ¥be <!OBtraiy, the 
relations already establislied between this rock and the tal- 
coie febpathic schists, make it already presumable that they 
are two products of the same deposit, in one of which crys- 
tdliifiitlon was more dereloped than in the other. 

If We now add the geological indications I have given to 
these mineralogical characters, and if we recollect that the 
rocks of Mont Blanc which have famished ns with these 
grnnitic rocks, ako afbrd many rocks decidedly schistose, 
nearlyv all mixed with talc, and even completely talcose, 
sinee serpentfaies are met with In it very analogous to other 
rocks of this kind existing in great masses in the Alps ; 
lastly, hombleade rocks, actjnM>lite, &c. we cannot help 
recognizing' a striking analogy between this association and 
that which I have shewn to be common to the tme talcose 
rocks, whilst on the contrary this wiion of rocks has not yet 
been observed in the true granites. 

• Lastly, to complete these resemblances^ our talcose fel- 
spathic schist exists even in the midst of the granitic rocks 
of Mont Blanc ; I have observed it in many places, and par- 
ticolarly near the glacier of Talefre ; this talcose schist al- 
together enters into what is called chlorite schist ; it possesses 
all its characters; itis even mixed with oxidnlated iron, but 
it also contains perfectly formed crystals of felspar.* 

This last example appears to me to place the identity of 
formation as much beyond a doubt as the identity of compo- 
sition* 

' We are led then to admit that the granitic rocks ^Moni 
Blanc can no longer be regarded as granites^ not only ac- 
cording to the mineralogical acceptation at present given to 
tii^t denomination, but also according to the geological ac- 
ceptation ; they are rather extreme varieties of the talcose 
feUpathic schists I have described, rocks forming a part of 
the talcose rocks of the Alps; the granitic mass of Mont 

• 

* Fragmetits of rocks are often met with on the sides of Mont Blanc, 
the half of which is chlorite schist, and the other a granitic rock. There 
^ists in the cabinet of M« de Dree a very beautiful specimen which be- 
longed to polpniieu. 
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filaae^ ooQi^dered geplogicaDy, it would appear tken hmmC 
be vefbrred to the talcose formation of tlie Alpa. 

I mention these rocks ttnder the mibo of takolse roeli^^ 
and not u&d^ that of serpentine, because I eoasl^r that 
they cannot, in many respects, be identiftecl wfth the sei^ 
pontine rocks obsenred ehewhe^o. 

What appeared tc^ me certMn lo, tliat they poiRiesa Teij 
Ipreat dii9ereQGe» which separate them- fipon> granites^ and 
from the rela^ons they bear to sevpentkie^ rooks, one ib hl^ 
ciiaed'to presume that they are not the most ancient of tte 
primitive class* But until their junction with rocks that 
aro essentially different, has been observed in a posftivn 
nyaoner, their epoch of priority cannot be defoitWely as^ 
signed them. 

No doubt we might be coBipeMed to form greupes m tin 
midst of these rocks, and to- considier' separately some neni« 
bora of this formation; but wo have not as yet suflkient ob^ 
servations to establish these subdivlMons. 

I have onl^y spoken of the rocks of Mont Blanc, but P 
might extend my conclusions to many other granitic roekii 
of the h%h Alps, which almost alwajrs bear a great analogy^ 
to those of Mont Blanc, according te^ aU observers^; tiiose P 
saw ivt St. Beinard are aHogether Feferable-to-them; it'is the 
same with many other mountains wMiish fellow this kst^ 
ascending nearly io Mont Rosa* 

This resemblance of numeroos granitic rooks of the Alpo 
to a talcose rock, and of the fbrmat ions containing them to » 
taltose formation, is founded on a long examitaatidn, and 
continued companion of the^rocks^of the Alps, less in col^ , 
lections, than in nature; and it very well accords with tho' 
<$oBJeetures that I hare above brought forward' 2A to the re-- 
lative antiquity of the greater part of the primitiye rocks of 
the Alps. la foot, if I have before confined' myself- to sus- 
pecting the validity of* the titles on which- were founded the* 
perogative of antiquity which was accorded* to Mont Blanc 
and the other summits of the Alps^ it will bo found' that^ T at 
present destroy that perogative, at- least according to* received 
geological ideas, by taking thoir< granite i^woy ftoin them. 
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lirhich beiogy.ia the greater number of chaiBB, tilie base of oil 
the other rocks, formed uotil now the most, plausible cha- 
racter of their primordial formation. 

Let us guard ourselves however from pronouncing in too 
decided a scanner on the absence of.trae granite in the Alps,. 
even in that part of the chain between the Mont Cenis and 
St Gothard,Uhe onl J one that I have visited. 

I have observed, true formations of granite in the Alps, 
and their existence appears to me to give a new presumption 
against those of Mont. Blanc and other summits of the centre. 
In fact, it must not be looked for in these high crests; at 
least all the granitic rocks that I have there met with ap- 
proached more or less to those of Mont Blanc (with only 
some exceptions on which we cannot yet decide) ; . it is ia 
the Ipw mountains which form as it were the advanced posts 
of the Alps on the side of Piedinont, from Yvree and even 
from Turin to the Lago Maggiore. Among the granitic rocks 
I have observed, there is not one that is analogous to those, 
of Mont Blanc ; there are many whose tme place I shall not 
venture to assign; but between Biella and Crevacore, near 
la Sesia, I have met with a true granite formation having all 
the characters seen in that of the Limousin, Forez, and other 
cjtiains. The rocks are never schistose there; the mica is 
W6ll defined, and does not at all partake of the characters 
of talc ; the quartz is uniformly disseminated ; the felspar 
is often earthy ; and the union of these elements constitutes 
granites, often soft and friable like those of the Limousin* 
For many leagues I only found half decomposed granites. 
Lastly, kaolin is there met with, which I do not believe has 
ever been noticed in any part of the central mountains of the 
chain, and which appears very generally to belong to granite 
formations and others that approach them. 

I shall add that the form even of these mountains is pre- 
cisely that admitted as most common in the granite forma- 
tions ; i. e. few escarpments, summits rounded, and as it were 
in the form of paps ; valleys extremely contorted, &c. 

There are also, in the neighbourhood, solid granites. The 
famous rock of Baveno, which has afforded the beautiful, 
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trjstals.of felspar that are so well known, appeared to n^ 
to beiooig to the same granite formation. It is known to b« 
worked much on the .great scale, principallj for buildings, 
but also to be cut and polished. - There exists. yet another 
working of this kind near Domo d'Ossoiaj^ and another near 
Turin ; no doubt the Lago Maggiore, neur which the two 
£rst quarries are situated, which allows the transport of their 
products throughout the whole of Lombardy, and the neigh- 
bourhood of a capital for the other, fa^cilitates this kind of 
commerce ; but it is rather extraordinary that they should 
be, at least according to the information I could collect^ the 
only granite quarries in the Alps from Mont Cenis to St. 
Gothard ; and this fact alone gives some reason for presum- 
ing that this kind of rock, and consequently the true granite 
formation, is at least very rare there. 

This existence of true gnmite on one of ,t|ie sides of the 
Alps, is analogous to that which has beep observed in^the 
t'yrennees, where, it is. known that the granite most com- 
monly only shews itself at some distance from the centre of 
the chsun. 

This character however, taken separately, could not lead 
to any opinion on tfa^ geological nature of the granitic rocka 
of Mont Blanc ; it only acquires Importance when it is joiaefl 
to the direct observations that I have made' known. I shall 
^add yet another to it, which is not by itself more decisive, 
but which appears to me equally to add some weight to mj 
£rst proofs. 

In the granite formation, and especially in those of gneiss 
•and mica slate, of other chains, ores of metals. are very oft^n 
found, and generally, more frequently in veins or lodes than 
in beds or masses. 

In the Alps on the contrary, from Mont Cents to St. 
Gothard, the ores of metals, are scarce, ii;i all the mines thf^t 
I have seen, and in all the situations I have observed, the 
ores of lead (at Pesey, Macot, la Thulle, and Cormayeur), 
those of copper of Olomon, St. Marcel, Seryoz, and all the 
mines of oxidulated iron, are in beds or masses. I am ac- 
quainted with but two examples of metalliferous veins that 
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are well determined, one of anfifeMM pyrffef, dnd the ofBer 
of copper pyrites ; bnt the latter is net wHh precisely in the 
* enYiroBs of Baveno, near the granite fonnation, and in the 
mica slate resting npon it ; and the first in a ralley (the Yal 
Anzasca}, in the aeighhoarhood of which the same fimnation 
occurs* 

Some other nnworked reins of lead and copper hate heen 
noticed, that I conid Mt risk, and on which I might raise 
some doubts ; but nrnn j are stHl, if not in well characterized 
granhe, at least in rocks which I presmne to be rery itearly 
aflied to it, and not belonging to the taleose fonnatiou. 

It is at least yery certain that metallic reins are extremely 
'lare in that part of the chaki I hare noticed, in which the 
taleose formation predominates; and that the 6tAy two ex- 
amples I was able to discorer, are, the one certainly, and 
'the other reiy probably in a different formation. 

No doubt geologists hare not yet assembled a sufficient 
^iramber of facts on the occurrence of the ores* of metalir, so 
as to assign their existence in beds or reins to epochs^ relatire 
to the rocks containing them; yet we cannot help-obserring 
a great difference between their mode of occurrence in the 
Aljps and other primitire countries, which might seem, in the 
first instance, to possess analogies to those I hare described. 
' f am fbUy sensible that it will be necessary to end'eaTonr 
to obserre the junction of the true granite of the Alps, and 
the taleose rocks of the high summits I hare noticed, and 
under which I hare erery reason to beliere it dips ; but it 
has as yet been impossible for me positirely to determine this 
superposition, and I inrite geologists, who may risit the 
Italian Alps, to endearour to rerify it. 

I hare not, after all, any want of this last proof for es<- 
•tablisMng the little relatire: antiquity of the granitic rocks of 
tile centre of the chain, as it is principally founded on the 
mineralogical and geological relations of these supposed gra- 
nites with the taleose felspathic schists, and generally with 
«ll the takose formation so abundant in the Alps. 

Perhaps" some would raise an objection drawn from the 
-rarity of the granitic rocks in the taleose formation to which 
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they hvf^ be^m ceferredy and «specmUy from the p^sitioa of 
that of Mont Blanc in the piidftt of the enormous mass o£ 
which it is as it w€re the centre, a position analogous to that^ 
y^ry geooerall^ given to true granites in other chains. 

It jmay jn the first place be answered that this last, cha^ 
meter oQght never alone to senre m estabjishing a concIosicHi 
on the anteriority of a rock, and that it can in no way 
weaken the proofs I have drawn from the mixtares of this 
rock, and the associations and gradations that unite it wi^h 
others ; but moreover, what is there extraordinary in meet- 
ing with the most crystalline rocks of a formation towards 
the centre and most elevated parts of the masses that it con- 
stitutes ? it appears, on the contrary, that reasoning leads 
one to presume that it ought generally to be so, since these 
more crystalline masses would better resist all the causes 
of destruction than others ; following up this idea, which is bat 
natural, one is led to conjecture that Mont Blanc remains 
now the highest and most central eminence of the formation 
of which it is a part, only because it has been, at its forma- 
tion, the most crystalline part of it, and consequently the 
most solid. 

Summing up all the geological facts which I have endea- 
voured to prove in the course of this memoir, it appears, — 

dst. That the granitic rocks of Mont Blanc, and others 
resembling them of the high summits of the Alps (from the 
Mont Cenis to St. Gothard), are not granites, and that con- 
sequently there does not appear to be any true granite in 
these high crests ; 

2d. That these granitic rocks are but extreme varieties 
(more crystalline and more abounding in felspar) of a talcose 
felspathic rock much more abundant in the Alps, and with 
which it is found united ; 

3d. That this talcose rock, also associated with other 
talcose rocks, constitutes a peculiar formation, predominant 
in a great part of the Alps ; 

4th. That ores of metals almost always odcur as beds in 
this formation ', 
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5th. That a true granitic formaUon exists in the Alps on 
the southern edge of the chain, which, from analogies found- 
ed on all the facts now received in geology, contributes^ 
with all the preceding characters, to establish the tittle relo" 
Hoe antiquUif of the supposed granites of Mont Blanc anil 
the high A^Sj as well as thai of the talcose rocks of which 
a farms apart. 
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The Jura mountains afford the finest field possible for 
geological obsenrations ; yet, it must be confessed, that not 
only is their structure unknown, but, what is infinitely more 
vexatious, that prejudices and errors, sanctioned by natn^ 
ralists otherwise justly celebrated, mislead thegeol<^t wlio 
takes them for guides, cause him to commit new errors, or 
discourage him by their frequent opposition to the iacli 
Which offer themselves to his contemplation. 

The darkness that yet covers the geological history of 
Such an intieresting country, is principally owing to the man- 
ner in which, until now, this science has been studied ;. but 
it may be hoped that it will be dissipated, since one of the 
best works that does honour to French naturalists, has given 
to geology a new direction and range. 
' When the texture, the facies of rocks, and their chemical 
composition were the only distinctive characters of forma-* 
tious, the primitive rocks offered infinitely more facility for 
study than the secondary series^; I conceive I am not the 
only person who has remarked that if we had excellent 
precepts for the former, geologists had taught us nothing 
satisfactory concerning the latter. 
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I imagiAC the priDcipal cause of this difficnltj was owing 
to the perfect resemblance that frequently exists in the se- 
condary class, betwe^i rocks situated at great geological 
distances from each other, and consequently to the confusion 
resulting from it, of many formations absolutely different. 

Siiiet ihe. consideration of fossils- in the dis.ijnctiTe cha* 
Iricters of rocks has led Messrs. Cuyier and Brongniart to 
the exeelleBt results eontafaied in their memoir on the mi- 
neral geography of the environs of Paris, many geoidgi^ts 
have followed this new route ; and there is no doubt that 
from thftir. steps being more certain, they will muchsoouer 
bo led to the. end proposed in geology, Which is to under- 
stand the relative position of all the mineral masses of the 
surface of the globe that man can reach. 

The Jura mountsuns, excessively rich in very various 
fossils, is, perhaps, of all geological sites, the most proper to 
be examined in this point of view ; the most undeniable 
tracer #C dreaidM coavitf skmsy a^rd besides^ at every step, 
the iaai^e. 6f diftifder and c^aos ; the fractures, the^ upset-^^ 
ting, of beds, tiiei fuJlsidence of entire moaataios, cause such 
surprise, tlttb, ttotwithstaading the best fonned resolutieu of 
only verifying factt^ the' obsiaiver is naturally led to ascend- 
to the first causes of all he scses, and cannot avoid deep and. 
fiolongM neditatloB* 

M. Brongniart hadi tristted in 1817 a eonsiderable portion 
of the Juf a chain, in a geoiogieal point of view, and will 
proitably pul^ish the result of his observations; but as ho 
basfnot visited the envirooa of Loas-le-Ssiunier, I shaU en<^ 
deavour ta> nake knowd^ the geological strttcti]^re of that 
country. 

In order to render this memoir more eaaily understood, 
Ihe Mlowihg is the ordev I ad<^t : I commence by dis- 
tingttishlDg the great formatious ; I devBlope the composi- 
tion of each of them^ beginning with the lowest masses,| 
geologically speaking, and followiog them in the order of 
height to those that crown the country, with which I occupy 
myself; I shew their geographiical disposition; and although 
my end is not to give the minerlil geography, I yet ^Qli<;e> 
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the natare of the ground in different localities, in order that 
the facts I advance may be easily verified ; I terminate this 
memoir by noticing some errors until now adopted respect- 
ing the composition of the Jura chain. The word formation 
having received different significations, I conceive it neces- 
sai^ to statt that I apply this denoihination to all systeioiis 
of mineral masses, whatever their nature or extent m^y 
be, the respective disposition of which proves that they have 
been formed by an uninterrupted succession of the same 
causes. 

Numerous observations, which many years residence at 
Lons le Saunier have allowed me often to verify, have in- 
duced me to admit two distinct formationis. 

The first comprises a very considerable thickness of various- 
ly coloured marls, which contains many masses of gypsum 
separated by beds of marl; the whole of these mineral 
ma^es is stratified, and covered by a second mass resting 
.regularly on the first, and composed of uninterrupted beds 
of gryphite limestone.* 

The second formation comprises a great height of shelly 
marls ^constantly of a slate blue colour passing into ash grey", 
disposed in parallel beds, which contain some subordinate 
beds of a shelly argilUceous limestone, often bituminous like 
the marl near them;f the^e marls are covered by an 
enormous mass of limestone generally oolitic, very often 
passing by insensible degrees into granular and into compact 
Umestone ; it is disposed in strata parallel to each other, and 
conformable to the Aaarl beds in which it rests. The lime- 
stone is ferruginous, siliceous, argillaceous, and with or 
without nodules of flint ; occasionally it contains fossil orga- 
nised bodies* j: 

♦ The first division of this formation will hereafter be aeen to be part 
of the new red or galiferous sandstone formation, and the second division; 
is the lias of our English series. (Trans.) 

f These marls are the lias marls. (Trans.) 

J This mass ^f limestone apparently consists of the lower oolite divi- 
sion, or the great and inferior oolites. (Trans.) 

I 
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The second formation does not stop at this limestone, I 
consider it as being composed of many other saccessiye 
sciigesy analogous to the first ; but as these do not exist in 
the enTirons of Lons le Sauhier, I shall only extend my de- 
scription to the top of the first stage. 

Being desirous that my work should accord with that of 
ML Bnmgnmrty I shall only add that the second stage begin» 
to shew itself at Salins. It is coinjposed, like the first, of 
shelly and bituminous marls, on which rests a niew. and Tery. 
considerable mass of limestone beds.* 

The second stage forms thie summit of the platform, In 
which, on the S«£. of Salins, is hollowed out a valley in the 
form of a gulf; it is seen on Uie left of this valley Testio|^ 
upon the first stage ; the latter disappears on the right, the 
former sinks in a curious manner at the cascade of Groaille ; 
it afterwards rises, and the eye can eaifily follow it to above 
Salins ; there remains^ near Fort Belin, bat an mcondder-^ 
able portipoy resting against the top of the first stage. 

I shall describe the first under the name of gryphite lime-* 
atone formation, because thsit pelagian shell, which I have 
not found in any other position, appears to me characteristic; 
I shall call the seoond oolite limestone formation^ because 
Aaik rock appears to me most characteristic of it* 

I should observe that the field of my observations being 
tmt of small extent, these divisions may not be suitable ; 
generally speaking, I offer them only as provisional in this- 
memoir, waiting lAitil M. Brongniart has characteri^d these 
locks in a definitive maimer* 



* This next stage is probably composed of the Oxford clay and the 
beds between it and Kimm^dge clay, such as Coral ng> &c. (Trans.) 
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GRYPHITE LIMESTONE FORMATION. 
Rapid examination of the beds U corUaitts. 

Tiie :fir«t visible beds ,of t\uB focmatioD atq earthy ajbd 
imperfectly schistose marls, <tf a deep grej /Colour, slniosi' 
black, containing SBix»^n«te Jieds.of red gjpsnni, the fiac- 
iwre of whkh present curved bundles of snudl crys'taUme 
plates ; the gypsum also forms oontorted ¥eins .whioli follavr 
the undulation «f the laDiinie of marl, and the strings that 
cut-theai, and lastly occurs jnuch mixed. 

After an unknown but^considerahle ^height of these g3rp. 
•eous marls, there exists a thickness ;of from six to eight 
metres [26 feet] of compact whitish argillaceinis limestone, 
fonasedo^.thin find pei^fectly even strata. 

The gypseous 't9iarlsa|;4ialbUoW| thenivery ma]9y.gypsum, 
less red than ]the prei^lng, the beds,o(f which are separated 
by bed9 .ofm^r^ subordinate in their tiurn .to 4he gypseouil 
matter. , < " 

Continumg to rise^ many masses of gypsum are met ndth 
separated by puve marls or gypseous' marls ; the gypsum, 
with some fe.w exceptioQS, becomes more pure:; its colour 
becomes paler, and passes by successive shades into clear 
red, rose colour, grey, and white; the thickness of these 
beds increases, whilst the bedi» of marl that separate them 
become' tliinner ; the crystalline faces diminish in .size, and 
end by disappearing entirely' 

The last mass, furnishing the finest plaster^ contains beds 
of three metres [nearly 10 feet], and even, in some places, - 
five metres [16| feet] thick; no trace of gypsum is again 
found to the summit of the last formation of the Jura moun- 
tains. 

I know not if, as yet, any species of organic remains has 
been discovered in these masses of gypsum. 

There exists above the gypsum rocks a great v height of 
marls, characterised by their varied colours; their section, 
sometimes discovers in the transverse gorges, ribbon like 

I 2 
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stripes, marked by different colours^ the most general and 
best determined of which are — white, green^ Tiolet, red, 
grey, and blue ; I shall describe them under the name of 
▼ariegated niarls (marnes irisees). 

These maris, generally compact and granular, schistose 
only in the grey and blue portions, are slightly aggregated ; 
they contain more solid beds of different kinds. 

A bed of whitish limestone analogous to that which I have 
noticed in the gypseous marls, but coarser, is first seen im- 
mediately aboTe the gypsum rocks.* 

There exists, at a distance from the gypsum that I have 
not yet been able precisely to determine, a bed of very poor 
schistose coal, the ascertained thickness of which, for a great 
extent, is between twelve and thirty centimetres [5 inches 
to 1 foot 2 inches.] 

At some metres above, a considerable thickness of beds of 
a dirty white limestone occurs, divided in every direction by 
spathose veins, which, resisting better than the limestone 
the destructive action of air and water, often give it appear- 
ance of being divided by partitions. ^ 
' The variegated marls afterwards contain isolated beds of 
siliceous sandstone with impressions, of a thickness varying 
from 3 to 32 centimetres [about 1 inch to 1 f. 3 in.] The' 
organic remains enveloped in them at the time of their for- 
mation, appear to have been in such an altered state, that it 
is extremely difficult to determine their nature. 

This sandstone contains nodules and Teins of pyrites, the 
decomposition of which often communicates to it a strong 
ochrerred colour. 

Higher up bed^ of limestone occur almost solely composed 
of the debris of very small shells ; the common thickness of 



* These marls will be at once recognised as the upper portion of the 
' new red or saliferous sandstone. A good section of variegated marls will 
be seen under the lias, from Culverhole to Axmouth Points, on the coast 
of Etevon ; between Lyme Regis and Seaton, thin seems of gypsum will 
also be observed among them. (For sections of this coast see Geol. Trans, 
vol. I. new series, plate viii.) Trans. 
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theae bech is from 15 to 20 centimetres [6 to 8 inches] ; the 
limestone presents itself as two different species ; it is grey^ 
compact,, with a splintery fracture; or else it is yellow 
brown, with an unequal and earthy fracture ; in the former 
case, the stony matter of the shells loses itself in the paste 
enveloping them, so that they can with difficulty be distin- 
guished ; in the second case, on the contrary, the rock is a 
yellow limestone, from which the shell is distinguished l^ 
a chesnut brown colour ; I could discover on the surfaces 
that had long been exposed to the air, some perfect shells of 
the genera mytilus and venus, some striated pectens and 
buccina. Before the variegated marls ar^c quitted, subordi- 
nate beds are found of a compact whitish argillaceous lime- 
stone, of a very fine paste ; then the solid beds of gryphite 
limestone are met with, the name of which I have taken for 
the entire formation.* 



* The gryphite characterizing this limestone, and {he Jura Chain, as 
well in the parts I have visited, as in those from which I have received 
speoimens, is the gryphsa arcuata, (Lam. An. sans ve^t. ed« of 1818. 
Knorr. P. 2. pi. Ix. fig. ^. Gryphaea incurva. Sowerby, pi. cxii. fig. 1 
& 2. Parkinson's Org. Rem. pi. xv. fig. 3.) The grypheea cymbium 
much resembles it, and perhaps belongs to the same formation ; but I 
have not observed it in the Jura, properly so called, I have found it in 
an analogous rock on the coast of Normandy, from Havre to Dives. M. 
von Schlotheim appears to have confounded under the denomination of 
gryphites cymbium, the arcuata and cymbium ; but they are, notwith- 
standing their resemblance, two distinct species. The question is here 
only of the gryphaea arcuata, as determined by the good figures of it 
above cited ; it is the only one I have found in the Jura, properly so 
called. I have recognised it in many other places, such as the environs 
of Avaloi> in Burgundy, near Bayeux and Valognes in Normandy, at. 
Cheltenham in England, &c. and always in rocks that resemble each 
o^her in their nature, their position, and the other shells accompanying 
them. 

Note by the Translator, — It is almost needless to remark that the gry- 
pheea incurva, as well as ammonites Bucklandi, mentioned in a subset 
quent note by the author, as found in the gryphita limestone, are charac- 
teristic shells of the lias, and that the rock at Cheltenham is lias, and I 
can also state that those near Bayeux and Valognes, in which this shell 
is found, are the same. 
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I shmild observe that the argillaceous limestone forms very 
thin veins in the last beds, almost solely composed of small 
shells, and in the first of gryphite limestone ; its^ colour is 
light or blueish grey, according to the rock that it touches. 

It results from this observation that the gryphite limestone 
belongs to the same formation as this species of lumachella, 
and consequently to the same formation as the immense 
height of gypseous marls that it covers. This important 
42onsequeoce is confirmed by the relative disposition, and the 
uniform nature of the beds, on all the points of junction of 
tiie gryphite limestone and variegated marls.* 

The ordin^y texture of the gryphite limestone is com* 
pact, but sometimes afibrds small crystalline grains,; in both 
cases it possesses much tenacity, its fracture is irregular, and 
Its colour blueish grey. It takes its name from a marine 
shell very abundantly contained in it, of which none analo- 
gous are now found living in the present seas. 

It besides contains ammonites, belemnites,trochi, turbines, 
nautiiites, terebratulas, pectens, donaces, venas', muscles, 
turritellae, oysters, pinnae, entroehites, baculites, orthocera- 
titeis, ftcf 

The difficulty of separating these shells from the rock, pre- 
vents the determination of numerous species of them, and of 
many other genera, of which I could only give an idea by a 
description of characters Insufficient to class theaa. 

* The separation of the new red sandstone and lias is in general very 
decided. (Trans^) 

f Among the shells of gryphite limestone I can only distermine the 
following species : 

Ammonites Bucldandi, Sow,; it sometimes acquires a considerable 
size. 

I have found it at Montaines near Salins ; to the N.E. of Arau, near 
Avalon, &c. 

The pecten equivalvis, Sow. : which I found with the preceding spe- 
cies, is between Girole and Avalon. 

Notwithstanding the labours of M . Lamarck on the terebratulee, and M^ 
Faure Biguet on the belemnites, it is not yet possible to determine with 
pertainty, and consequently with utility, the species of the two genera 
found in the gryphite limestone. 



The rock that appears to -hare been the last product of 
the iormatioB) is disposed in unintermpted strata, the origi- 
nal and very considerablo jpsf^ qf whi(;h has been more or 
less deeply cut away in its upper part. 
, The £rit strata often Df^ntata, to the height of 3 or 4 
in0tre& [nemrly 10 to i8 feet], Ireins or bands of a kind of calr 
^reops isaud^tone, vhich diminish in thickness as they rise^ 
and insensibly pasd into the true gryphite limestone* It is 
ffCfmarlMkble tln&t these beds do not contain a single gryphite, 
^whereyer this arenaceons Ifmestone occurs, Tfhilst, where Itis 
pot found, thousands of gryphites immediately corer the 
nari. 

' At some feet from the arenaceous beds, the rimestoae 
breaks easily into Straight prisn^ ; the cast of the gryphite 
jdetaoboA itself from the sfaieU, and allows an ezamioatibB of 
ihe ioterioF, where the unpression of the muscular attach^ 
mentof the animal to each vaWe is distinctly recognised, 
JNrhich rarely happens elsewhere. 

I shall lastly observe, that these shells ^re not mixed an4 
JBpfia/id indistinctly over evei^ part of these beds*; the gry- 
phitei are prindpaUy itssemblcd in imiumerable quantitiiss 
^t thsir junction ; the great ammouites are foutod laid oa 
iheir bases among the grjrphites; the small ammooitesare dis- 
.posed in groups with the beleBonites^ without effecting H 
fixed position in their thickness ; the others are less aboo* 
dant, and are placed in the* neighbourhood of these groups. 

These beds are not equally provided witk fossils ; sMue 
.are so full of them, that tl^e shells compose Ihe greater pait 
•ji^ their mass.; others, on the contrary, do not contain any, 
ior at least very few; the latter are even and regular, the 
fortiaer receive an uneven aod tuberculous form from the 
/large shells that occupy their bases. 
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Geographical dispot^ion of the Rockf of He Grt/phUe 

Limestone formaiion. 

It has been seen from what precedes, that the country, 
about which I am occupied, does not shew at any point 
Jthe first beds of this formaticm ; the rock on which they rest j 
is buried at too great a depth for obserration. 
, The rocks of the gryphite limestone generally form, at the 
font of the first platform of the Jura, the bottom of all the 
inUleys, th^ greater part of the hills of little eleiHition, that 
are rounded and cultivated to their summits, and the base of 
all the slopes and hills. When they are hot covered by the 
rpcks of another formation, they are almost always found 
masked by alluvium, filling the bottom of the valleyis, and 
by vegetable sqU* It follows that their study offers many 
more dif&culties than that of the superior rocks, the numerous 
escarpments of which readily expose to the observer the dis- 
position and composition ^f the beds. 

It is 9nly by assembling numerous partial observations 
.that we can be enable^ to describe them completely. J 
Dhall not here undertake to trace all those which have led me 
■to the results I haye made known ; but I propose to notice 
.the principal, and the localities thiit afibrd l)ie most curious 
geological facts. 

. In this respect, the basin In which the town of Lons le 
Saunier is situated, ought first to engage our attention. To 
jthe south of the town, and at a gun shot from Montaign, on 
^the neck of land separating the basin of Lons le Saunier 
•from that of Macornais, beds of gryphite limestone are seen 
with the direction of N.N. W and S.S.E. (ona^e heures de la 
boussole), and an Inclination of 59'' to the east; descending 
to Lons le Saunier, and following their direction, these beds 
first disappear under the vines, they afterwards shew them- 
selves on the road above, with a thickness of from 25 to 30 
centimetres [10 in. to 1 ft.] of limestone without gryphites, 
with arenaceous veins; an outcrop of partition limestone 
(calcaire clolsonn^), is seen at eighty paces towards the 
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West, among the reins which conceid the' variegated mitrls^ 
and is distinguisihed at a great dbtance hy its colour, "which 
is whiter than that of the. neighboaring rocks* 

A point of jtihctioh is discovered there between the grj- 
phite iimestcHie aiid Variegated marls* 

From tins point a narrow hill descends towards the towii^ 
composed of the sam^ beds, the direction of which sMers 
accidental variations, and which lose themselves in the mea^ 
dow behind the barracks. 

I shall en passant remark, that this edifice, though very 
modem, threatens to fall into ruin, from the foundations res» 
posing on the variegated marls, and because a solid frame 
work has proliably not been formed* 

Iff from the same point that has been mentioned, the view 
is directed toiwalrds Pimont, oA the other side of the town, 
we always discover in the 'principal direction of the bedi^ 
between the toWer and the Villeneiive road, a ridge, not very 
salient, of gryphite beds, which commences from the niett^ 
dow, rises to the summit of the knoll (butte), and descends 
on ^he opposite side to the village of Villeneuve. 

By studying this ridge, the same beds are not only reCog^ 
nized with the same inclination and direction as on the side 
0{ Montaigu, but all those are discovered, which compose 
the variegated maris from tbe.gryphites to beneath the coal 
bed. 

The latter crops out one*third of the way up the hill (4 
tiers c6te) on the sid^ of the road leading to the tower* 
The administration of the salt springs vauseda triaj-pitto be 
drivep, twenty yeais since, which extended about ^0 metres 
[about 65 feet] ; its trifling thickness, and the great proporw 
tion of earth it contained, caused it to be abandoned. 

Beneath the real bed, the remainder of this formation dis- 
appears under more modern rocks. 

It maybe 'concluded from' these observatipns, that the 
beds on the slope of Montaigu i^d the knoll of Pimont, 
which has j|ist been mentioned, belodg to the same gryphitie 
limestone formatidn ; that these * beds, evidetidy moved 
froin their primitive positiosi,' have been brobm in «ome 



iMinery 90 ihftt a-TQrjr «90»klembte P^^Vh with a me^n dU 
jNCilipn of If JH#W. ft $«S«fi». (onM hqai^s) lUUI t>eeii turqed to 
the £• ; and lastly^ ^hat thi« m^9 has ^on again oat trans- 
j^ersely 9t. the ftp^t int^rH^ctod . b j the town of £4pas le 
Sannier. To avoid entewg Ipto loilg detail^y I »ha|l con- 
p^^t my^lf by notijeipg tM thro»ghoat the esttPt of this 
Jiailn^ from the foot 9f the ptatform te ACo^tniprot, tb^ 
4(iro«nd J9> i<^. ^ meASPrei furrowed in simifaiF Jcngitodinal 
masses, eontiguoos and cat transten^ely Uk^ the ^nt^ 
\ . Fortioos of these m$s$9'ih^t are not broken, baye re- 
jaeiiied at the bottom Aff^^ beiifi, Ottitiiig at their base the 
jNipfitated hiUs wbi^encloseJt. The town ^hTXpOi le Saimier 

is built on these por^ioiui of tqunesf ponsetV^ently joft tlie 
i»dgea of .the npset beds of tbie gry pbite limestcw^ for ont^ldn • 
^ . .This is the plaqe to meatipn the mlt spring that riie^ in 
^ town itseif» 

V . in.np j^iKt eCthift cfwiofi i9. (he Hftlifereve i^p9«m pbserr 
jwkie^ the iBodiEi^te ef M>d9i\4^ whipb.is) diw^lved by wn 
aif^^^^. end giyes b^ t4» tbi«. 9pli^g j it is hewever eertaj^ 

that it exist* in Ae Merior of tbe leneAtion* I meap to 
jajumine if the knetr ledge ^f the nature^ the gl^oand may 
4i€(t lead to tbe determtnatieii of the place <:optAining tbe 
valine rodk* Tbe Mils in the environs of the jtown do not 
je:ipose any oaticri^p of gypsam, but m^ tbbig ;ftbew9 tha/t 
the knoll of Pimont contains it ; I have noticed an eleifated 
rldipe of gryphtte Umestone e» thia kaol), eevering a eon- 
itjdenible thickness pf variegated maris $ now9 in ell the 
l^panm ^ttarries^ the Jura, the «ia3iei #f thi9 rock oc^er 
4pf}ecisely Mider tb«»M»e aimris.i it ismj therefinre b«e pre^ 
iwwsfd that masses 4>f gyptam ^iat in iiiis knoJV bjat tfaat 
they are xnasked by the debris pf h mere xece9lt formation^ 
^ftjchisoieie theiower^mrt of ike varkgnted iveHf > begin- 
ning with the coal bed. . ; 

Tbiift amjettup^ ac^nu^es addiliemil .support t^m the 
.ejitatence' of ;« smaill aprii^ pf aele«itoii3 water, which 
bh^aks o«t precisely «it tjhe lower pact pf tbe variegated marl 
^fands. I shall bejne state that thk spiiag supplies th« foua- 
4aiA ef the abbey, the wjiters pf whi«:h are knpwA ig the 
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iowniwt to be fit fdr dressbig vegetables dr for thfe paqioses 
of waahlAgy owing to its contasaing mlphste of lime. 
r It la then yerj probable tbad tille knoU of Pimoiit contakis 
gjjmni^ On the dtherbahd, tbe bivariable abundance and 
elevation in the vikUej of tlie aaHne spring, shew that Uw 
wateis cotne from an elevated place offeriog a large snHkce 
to the raintv 

Now, the knoll of PImobt) which of ail the smrronndiiig 
hills most indicates the presence of gypsum^ is still the o*!jr 
one, within a radius of more thfin three kilometres [12,000 
feet} that unites ihese two conditions; it may then be 
presnnled that it contains also the saline rock traversed by 
the rain water before it arrives at the spring* 

It will not be misplaced to mention here « phenomettoa 
rather frequent in the Jura, wMch is essentially owing fo 
the formation I am describing ; I mean of the funnels whieh 
suddenly form, by the sinking of the surface of the ground. 
: The machines for the extraction of the salt water 4iro 
placed at the bottom of a vast funnel 16 metres [about 52 ft.} 
deep, which has originated in a sinking of the ground, at 
an unknown but no very distant period. 

In I7d2, a considerable sinking took place in the Roe 
des Dames ; the inhabitants of the town were seized with 
the greatest fear, when they saw a honse gradually sink and 
disappear in a gulf which was immediately filled with watery 

Wit^vesses worthy of credit state, that the waters of the 
valine spring suddenly became low, and were grea^l^ dli^ 
turbed during this event. 

Lastly, th^re recently occurred between the two former, 
a third, but much less considerable sinking ; although I watt 
not at that time present, I nevertheless leahied with cer<^ 
tahity, that the spring was again disturbed by this cause. ' 

The explanation of the fact is very simple; it c^ he 
conceived, without having recourse to any hypothesis, that 
the nystems of enormous beds, when upset into * the poskions 
in which w6 now see them, could not coincide so exactly 
with the inferior rocks, as not to leave some enaipty ^p^cec 
between then^ 



The water, while travermDg these sabterraneaii passages, 
must, by.itf motion and ti^e pressace resulting from the more 
«r less considerable eler^on of the springs that feed it, 
^oDtinaallj wear away their sides, and in the end cause 
sinkings that sometimes extend to the suiface* 

Lastiy, when it b observed that ten pumps constantly emi> 
ployed to obtain the waters of the Lons le Sannier spring 
greatly augment the rapidity of their subtemmean course, it 
will not be surprising that this event should occur more fre-* 
i^uently at this point than any other. 

•• From observations made during these sinkings, on the 
aalite spring, it caimot be doubted that at least a part of its 
waters does not reiich them* Now, it b precisely, the direct 
timi in wnith the gypsum beds of the knoll of Pknoht ought 
to occur : this fact renders the existence of saliferous gyp^ 
gum infinitely more probable in the heart c^this hill. 
. Two other saline springs, known by the names of Comoy 
Pits, and the Saloir Pool Pits, form, with the above, the 
objects jof the Montmorot salt spring works. 

These are situate nt 3 kilometres [about 24- miles] to the 
west of the former, on the hill opposite the knoll of Pimont, 
■and separated from each other by a longitudinal . hill of the 
gryphite limestone formation. 

Two triM pits, cut in the variegated mads, have shewn the 
existence of gypsum on this hill. 

The springs of Saline, worked nt the two salt-works of Saiins 
imd Ure, are situated in the same formation; on the right 
side of this valley the finest escarpments of the gryphite 
limestone formation are seen, and the best gypsom quarries 
|if. the Jura mountains worked. 

-«. While terminating n^y observiitions on the position of the 
'salt spripgs of this department, I shall mention a specimen 
of roseate ^aliferons gypsum, brought from the commune of 
Toulpq^e, situated at two myriametres [more than 1 5 miles] 
from Lons le Sannier, -which was sent me by M. Bichet, exr 
-secretary of the prefecture. My researches to discover its 
position haye as yet proved unsuccessful ; but numerous ior 
dicatioDS give me hopes of finding it in the eiid« 
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liastiy^ two small salt springs haTe been raentioaed tome 
as occurring in the communes of St. Lanthain and Touiv 
iQont ; a quarry of gypseous alabaster was formerly worked 
in the former* 

These indications are perfectly in accordance with the 
nature of the rock which serves as a hase to the ground o( 
the three communes ; and it is remarkable, that their posi« 
tbn^ with regard to the springs -of tx>os le Saunler^ is «t a 
small distance from the general direction of the beds* 

In the upper part of the valley of Lons le Saunier, tJui 
gryphite formation totally disappears beneath the oolite foiv 
mation; but it begins to rise below the village of Conliege, 
where it forms small hillocks, which have a direction frciv 
&£• to N.W., and it is easj tx> distinguish the neighbomj^ 
rock solely from their aspect. 

I here state that the gryphite limestone formatioB is lie- 
neath that of the oolite limestone. I should premise that 
this important allegation is not the result of doubtful oh$eiw 
vations, but that I have already seen, by the aid of niasjr 
sections, at Montaigu, Montmorot, &c. the rocks of ;^ 
second formation cover those of the first.; the suite of thi9 
memoir will moreover shew that not a step can be made in 
the environs of Lons Je Saunier without acquiring proofs of 
thi^ fact. 

At the foot of the village of Perrigny, a bed is seen in 
which the gryphites are transformed into pearl spar ; thekr 
white colour contrasts with the base of the rock, coloured 
dark, red by oxide of iron : it is placqd five metres [about 17 
feet] above the variegated marls.' 

This peculiarity is only interesting because a similar lime- 
stone is found at great distances from each other, belonging 
no doubt to the same bed. At th^ end of the meadow, an4 
from this point to Lons le Saunier, the > gryphite beds have 
still a S.E. and N.W. direction, that is, the same as this 
portion of the valleys but they again acquire, at a short 
distance, their general direction, which varies little froqd.a 
^. and S. line. 
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TKe mo9t eletated hill met -wHh on the left of the road 
from Loos le Saiuiier to PaoBetsteres, is the only one, where 
I hare as yet been able to recogniice in {ikce the l)eds of sill- 
ceoos sandstone with impressions. 

The coal bed of the gryphite liniestone formadon appears 
on the satamit of the Sayagnii hill, on the sonth of the 
Tillage. 

The knoll of Montmorot is based on a smalt isolated 
portion of the longitudinal hill separating the two neigh- 
booting salt springs, cut on th^ south by the prindpal Talley, 
and on the north by a small transrerae gorge. 

TKis isolated knoll, around the foot of which the gryphite 
limestone formation is recognised, is crowned by beds of the 
oolite formation ; this point oflfers an undeniable proof of the 
proposition I have advanced. 

On the north of the knoll, a fine breaking away (arra- 
chement) of Tariegated marls is discorered, the beds of 
which run neariy N.N.W. and S#S.£. (11 heores), and in- 
dined towards ihe toast at 50"; it is in these marls, at 200 
metres [656- feet] to the N. of the gorge, that two pits 
have been driven to the gypsum; the daric red colour of that 
which I collected among the debris, leads me to think that it 
belongs to the inferior masses of the formation. 

The two gjpsnm quarries of Courbouzon and St. Laurent 
are situated on the prolongation of the direction of these 
beds ; every thing leads me to l>elieve that they are hollowed 
out of the same longitudinal hill (coteau), which disappears 
at Mont Orient, beneath the oolite limestone formation. 

The gryphite limestone rocks of the valley of Macomais 
are but the prolongation of the hills in the basin of Lons le 
Saunier, which are covered in thie interval by patches of the 
oolite limestone formation. 

The coal bed which I have already noticed at two pomts 
in the Lons le Saunier basin, occurs again in the valley of 
Baume a Voitenr, where an excellent gypsum quarry is 
worked ; it belongs to the same formation. 

This small bed of coal did not appear to me worth work-^ 
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iiig at mf pdlbt ; but it k teftj femarkabld <m licetMmt of Ito' 
conMsAt i&felrh>r p6Mt|da t& tli« gypstim tliassieft) t(» ^hick if 
maj serve as a guide^ and bj its great lengtb ; it lifts beeti^ 
ile«»giil9Bedl Its far as the de{>aftmetit df the Doubs^ 

i shatt noatfaitlMBr etubt^d nay obi^evfTaiiotf s fMi the giypkite>^ 
ifmefttMie fohiMiidflta, i& otder to iffriye mom fpoedily to dioi 
foUowiog 



OOIJTE MMESTONE FOaMATION. 

Examination of the beds composing it 

The marls of this formation differ from the preceding t)j 
their constant grey or slate blue colour, by their mvcfa mote 
slaty texture, often by their bituminous nature, and by the' 
fossil sheds they contain. * ' 

The lowest are compact, fhigile, atid of a slight grey tint.; 
they contain a very great number of ^mall ammonftes, belem- 
nites, entrdchi, some smaU pecten^^ and tefebiratulae ;' the 
shells are found changed info pyrites. Thesie irst m&rls con- 
tain ne^ts of cubic pyrites, and oxide of iron, arising from 
the decomposition of the sulphur. 

Higher up, fewer ammonites are found; the marl becomes 
earthy, and contains thick beds of marly limestone, in which' 
small bacculites truncated in the manner of entrochi are' 
seen. ' 

Aftier a^great number of beds with few shells, one is niel^ 
with of prodigious richness as to species ; belemnites, pec- 
tens, and anpmie, grouped in families, form, alterna'tibg 
stM^ in which ^he cementing rock is "scarcely dtscernable / 
amotig other leSS abundant s(hells thart It contains, I may 
notice ammonites, donaces, nautili, my till, baculites, en^ 
trochi, and cardias. 

The grouped shiells are generally small ; but isolated 
beletrirfites 15 cientimetres \j\x inches] long are found,^ and 
ribbed ipectens of the size of thie hand, that are easily de- 
tached from the rock^ it is remarkable that the small bi valve. 
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which I consider m^y be referred to. Hie genus anomia, U 
?!ery rare in the Jura every where bat in the maris of the 
ONoiite ibrmation* 

Between the beds^ numerons nodules of tenacious, marl 
exbt, possessing yerj remarkable peculiarities; they are 
solids generally pf a cylindrical fonn^ the axis of which) 
from 8 to 10 millimetres [less than | inch] in diameter, is a 
small tube of iron pyrites, often decomposed, filled with 
calcareous spar; they resemble in form columns, ballus- 
trades, eggs, fruits, Sfc. ; some are found more than a metre 
in height, their position is nearly vertical ; the latter tube is 
sometimes forked ; two are very often joined together, and 
the form of the solid is always modified in consequence. 

No fossil shells are seen in these detached, bodies, whilst 
on one side, the tubercular nodules, without central axes, are 
filled with them ; among the shells are found, venus, plaou- 
lltes, ammonites, belemnites, trochi^ turritellae, entrochi, 
baculites, and rarely pectens. They are so well preserved 
that they appear as if just taken from the sea ^ some are 
covered by a very thin bed of sulphuret of iron, which gives 
them a very beautiful bronzed appearance. 

Lastly, very large irregularly rounded nodules are met 
with, of a compact and brittle marl, the interior of which 
affords cracks as much as five centimetres [two inches] wide, 
lined and often filled by sulphate of strontian, of a white or 
light sky blue colour.* 

After having observed these nodules, situated on the same 
marls, we know not vfhich to be most surprised at, whether 

■ 

* The Bulphate of strontian in voluminous crystalline masses, of a 
very lengthened plate, but extremely brittle, and of a dirty white, more 
or less blueish, appears to belong to the inferior masses of the oolitic 
limestone, and commonly occurs either in cavities of the limestone, or in 
those of the large shells, such as ammonites. 

The analysis made by M. Bertier has verified the nature of this sub- 
stance. I have seen it absolutely in the same position lining the cavities 
of very large ammonites in the bed of Ergoltz, near Liestal, in the en- 
virons of Basle, accompanied by belemnites, and a shell that appears to 
be the Lima antiquata of Sowerby, 
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tlie regular and constant form of the first, the abundance of 
various shells, as it were exclusively found in the second^ 
or lastly the existence of very pure crystals of strontian in 
the midst of the latter, the mass of -which does not appear 
to contain any of the constituent parts of that substance* 

The explanation of these facts is yet a problem, the solu- 
tion of which would be most interesting. 

Above the very shelly bed, the marls become bituminous, 
and contain an innumerable quantity of small flat bivalves, 
of the breadth of a lentil, only distinguishable by , their 
transverse and almost circular striae. 

The action of the air in the first place divided these marls 
into thin laminae, resembling the finest slate, and afterwards 
reduces themto powder* 

Besides these microscopic shells, laminae with impressions 
of very ^at ammonites and planuUtes (planulites), kre met 
with, as also some small entrochi or baculites. 

Tenaceous beds from 13 to 34 centimetres [about 6 to 10 
in.] thick, occur in the midst of these bituminous marls, con- 
tauihig small veins of black andr brown bitumen, divided in a 
rectangular manner by very fine white spathbse partitions;* 
the rock itself is impregnated by a great quantity of bitu- 
men ; impressions are there seen of widie planulites (planu- 
lites),' anomiae, a thin and brittle triangular bivalve, and 
many other genera of shells as difficult to determine as the 
latter. 

I observed a height of more than 30 metres [about 65 ft.] 
of these bituminous slaty marls, and I have not perceived 
their upper termination, which proves that they are still more 
extensive. 

Marls without bitumen succeed them, and rise to the first 
oolite beds'; they are imperfectly slaty, and in a great mea- 
sure earthy ; they contain at their upper part beds of shelly 
and marly limestone, between which are found large ammo- 

* A flattened kind of black (basil wood, which splits into rectangular 
pieces, separated by thin spathose partitions occurs in the lias marls of 
Lyme Regis, as also detached flat pieces of a similar nature, the vege- 
table structure of which is not apparent (Trans.) 
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nites, planulitesjand nantilites, disposed parallel to the bedJBy 
forming a kind of nodule eanij separated from the marl. 

' A bed of oolite, composed of small grains of oxide of iro^ 
cemented bj niarlj limestone, regularly rests on iMs enor* 
mous mass of marl beds ; the grains are yellow and red, 
tbehr form resembles that of gunpowder; the cement is often 
ferruginous, its coloar is thenTeddish brown; ftt other times 
it is grey, like that of the inferior marls. Thitf oolite has 
not mach tenacity^ and the action of the air redaces it to 
flowder, btit it i& more durable in proportion to the oxide of 
iron it contains. Its richness is sometimes do great that it is 
worked as an iM>n ore.* 

The common thickness of this bed is two metres [about 6 
feet in.] ; it yaries to five [about 16 f. 6 in.]. 

Among the numerous shells it contains, I may notice 
planuUtes, belemnites, ammonites^ terebratuke, pectens, 
trochi, donaces/ jumtili, and entrochi ; the two first are the 
most abundant.f 

Crystals of sulphate of strantiah occAt in the geodes of 
caleareoUB spar existing softietimes in the middle of these 
shells, especially in the last whorls of the planuliteS. 

Above this ferruginous bed some beds occur still separated 
by niari strata, forming the passage from grey compact marly 
limestone into yellowish siliceous limestone; the marlafterf 
wards disappeanr entirely ; the passage is even sudden where 
the ferruginous bed is thick. Here commences that long 
^iiite of oolitic granular or compact limestone, composing the 
escarpment of the first platform of the Jura. 

From the idea attached in mineralogy to the denomination 
of granular limestone, it may appear surprising to see this 
rock among the secondary formations; it is nevertheless 
certain that limestone beds, composed of suiali lamellar 

♦ This is evidently the inferior oolite. (Trans.) 

f For a detailed list of fossil shells contained in the English inferior 
oolite, consult Messrs. Conybeare and Phillips* Outlines of the Geology, 
of England and Wales, p. SS9, &c, (Trans.) 
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^ains ai^ found in ihe Jora, wfcich are ektremely diMcnlt 
to be distinguished at first sight from primitive grantilaT 
limestone; but in the fracture traces of compact portions 
ticcur mixed with the crystatline parts. 

The compact portidns commonly form the base of the 
roc^^ and the lamellar grains are only subordinate* 

In the ootitib limestone^ the size of the grains Varies from 
one bed ix^ the other^ from that of a rape-seed to a but ; btft 
they are nearly all oiT the same size in the same bed.- 

Ishottld observe^ ihat, from the form ot its grains this 
reck wks isiore neatly allied to pisolite than oolite, but as 
the grains generally are very small, the first denothination 
would be improper in the greater number of cases. 

Howeyer smidl the grains may be, concentric layefs are 
almost always seen In- them rouud a nucleus, often crystal- 
line ^ this nucleus is ^inetimes the fra^ent of a baculite, 
entrochus, or sbihe tfther marine shell : now these organic 
bodies could not hai^ been lapidified and enveloped by 
stony Miyets befote the formation of th6 rock ; on the other 
haiid^ #hat^er may be the Mature of the other nuclei j the 
grains envelbpiag them hav^ prdbably been formed in the 
fiame tnaduer us the others.' I conceive tkeh I can with* 
some certainty advance^ that in the 3xiti bolites, tlie grains 
did not exist befok*e thfe formation of tiie paste^ and that 
pis rook has hot t>een formed in the inatitier of conglomc'^ 
rates. 

Theoofiticand grauuiar limestones alt^mate^ and j^assinto 
^e another by insensible gradations. 

It contains various proportions of silex ; numerous veins 
and irregular nodules of black and white flint (silex) occur 
in it5 which, by loUg exposure to the aif^, a^e often tnbis- 
fohnied into spongifoi^ quattz. 

In humei'ous beds, and on the surfaces slightly corroded 
by the atmosphere, an innumerable quantity of debris of 
very minute marine bodies are seen, such as entrochi, drtho- 
ceratites, baculites, vermiculae, ramified polypi, sponges, 
&c. These fossils are so much identified with their matrix^ 

K 2 
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that none can be distioguisbed in fresh fractures of the rock; 
.some large pectens, belemnites^ and terebratdae can onlj be 
perceiyed. 

At a considerable height, beds of granular limestone are 
found full of circular and small smooth pectens, of the size 
of a lentil ; afterwards a grey compact limestone always with 
flint nodules, containing large imbricated pectens, and a 
longitttdinalljr striped bivaWe, referable to the genera mactra 
or yenas. The yaWes of this shieir, without being separated, 
appear to haye been turned oyer the plane of their junction, 
80 that the teeth no longer correspond ; large biyalyes are 
b\^ seen with deep folds^ the genus of which it has as yet 
been impossible for me to discover. 

Among these last beds there is one, the rock of which 
perfectly resembles the gryphite limestone, and which is 
surprisingly rich in marine fossils ; besides the greater part 
of the shells that I have already noticed, I haye found yery 
fine orbuiites in it of the size of an egg, which I haye not 
elsewhere met with ; an undetermined fragment of an or- 
ganized body of the size of an arm, haying a bony texture, 
and in this respect analogous to a much smaller fossil, which 
I found in the department of the Doubs^ and which bears 
•ome resemblance to the spine of a sea fish,^ of a species of 
sting ray (raie aigle);* fragments of a very large biyalves 
^re seen, the shell, of which is more than five millimetres [-|- 
iuch] thick, with traces of many other animals. + 

The compact limestone afterwards becomes very siliceous, 
and contains no shells, for a great height ; it is transformed 

* May not this be the same kind of bone which I have described as 
the radius of some fish in the first voL Geol. Trans, new series, p. 4S,44, 
and figured pi. 4, different species of which are found in the transition 
limestone, carboniferous limestone, lias, oolite formation, and chalk? 
(Trans.) 

+ Among the shells found in this rock, and of which very 'ew of the 
species are described, or in a state to be determined, ammonites discus 
6f Sowerby may be noticed, which I have found in the ferruginous 
oolitic rock of Aisy in Burgundy. The pecten lens. Sow. is also found in 
Burgundy in the same rock and with the same shells. 
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Into beds of conchoidal flint (silex conchoides)) it afterwards 
re-appears ia regular and very thin beds. 

Above it are seen, first in a compact limestone^ afterwards 
in a granular limestone, very beautiful, smooth, and striated 
terebratulae, of the size of a pigeon's egg ; they are assembled 
in groups, and adhere but slightly to the rock. 

They are associated in the granular limestone with en- 
trochi and echinites; the entrochi are so abundant, that they 
form the greater portion of many beds ; terebratnlae, not so 
well preserved as the former, are again mixed in it, with 
certain undetermined hiYalyes, of which the iuteHor cast 
only is found. 

Beds of large grained oolite occur at this height ; around 
the grains, the rock forms concentric layers, which leave no 
doubt of the contemporaneous formation of the grains and 
their matrix* 

This rock is sometimes hard enough to receive a good 
polish ; its colour is grey, slightly blueish, but the edges of 
the bed and fissures are of a yellowish white colour; this last 
tint is produced by the alteration of the former, by the in- 
increased oxidation of the iron it contains^ wherever water 
has been able to penetrate. 

This alteration of colour is seen in n/iany quarries of build- 
ing stone in the Jura ; a kind of natural ornament in the 
buildings results from it, producing a very beautiful effect* 
It may particularly be observed in the town of Besan^on. 

To the limestone full of terebratulae and entrochi, succeed 
beds, slightly shelly, of white oolitic and granular limestone^ 
furnishing the best building stone in the country. 

Quitting these beds, no more granular limestone is found 
to the second stage of the oolite formation. 

Very thick beds of compact limestone alternating with 
oolites, constitute the top of the first stage. 

This compact limestone is white ^ its fracture, at first 
undetermined, becomes, as it rises, more and more con- 
choidal ; in the upper beds it is brittle, and its fragments 
are very sharp. 
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A zoophitC) which I refer to the genera astrea or tabrpoia, 
with regular hexagonal tubes, is frequently met with ii^. the 
compact limestone of an undetermined fracture; some 
pectens and terebi^lae are also seen ia it. 

The last beds of brittle limestone do Diot appear to contain 
any species of organic remains** 

. On the last of these bf^ds rest the marls of the aext stage ; 
but I do not propose to describe them here, because they do 
not occur, as ( haTC already stated^ in the environs of Lons 
le Saunier* 



Geographical Distribution of the Rocffs of the Oolite 

Formation. 

The rocks whose composition has just been described, 
form the first step of th^ immense amphitheatre presented 
by the Jura chain on the sijde of. France ; the road from 
Lyons to Strasbourg, for a length of four mynameters [about 
30 miles] on each side of the town of Lons le Saunier, is traced 
precisely at its foot in a direction from S.S.W. toi N.N.E. 

To the south of the town, the edge of this step is deeply 
farrowed and diYided into longitudinal hills covered to their 
summits with wood. On the north it presents a vast plat- 
form cut by some transverse valleys, and l^ordered by well 
cultivated knolls and hills ; these hills, of small elevation, 
and situated on the prolongation of the slopes, are almost 
always crowned by a few beds of yellowish rock of little 
extent. 

Observing the sides of the valleys with care, t recognised 
throughout their whole extent the succession of beds I ha?e 
noticed. 

The marls are nearly every where masked by the vege- 
table soil ; they are only seen in some broken places, so that 

* The beds described by the author between the inferior oolite and 
the first stage, are most probably analogous to the great oolite, &c.' of 
the English series. (Trans.) 
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their first inspection might leave doubts on their prolongation 
beneath the mass of oolitic limestone ; I had long observed 
them before I could decide this question ; but I at last re- 
marked in some places, and especially to the £. and S.E. of 
Conliege, an insensible passage of the marly limestone beds 
into the oolitic beds ; now, the first axft subordinate to the 
marl beds ; it is then evident that they all belong tp the . 
same formation* I had moreover occasion to make ei^car 
vations beneath the ferruginous bed, and I always found <;t^ . 
marls, which leaves no doubt of the existence of the mar} 
beds beneath the solid beds of oolitic limestone. 

The perfect identity of the beds on each side the valley 
proves that they have been united, and that they originally 
formed but one mass. 

The nature and respective dispositions of these mineral 
masses being well understood, the manner in which the 
valleys have been formed may be concluded, without having 
recourse to any hypothesis. 

In fact these mineral masses have been deposited by the.' 
waters of the sea : this fact is proved by the. marine animals 
found throughout their whole extent. When the waters 
abandoned them, the marls must have given way under the 
weight, now become more considerable, 'of the mass that 
covered them ; their slight tenacity offering less resistance 
than that of the upper masses, the waters carried them 
away and excavated passages in their mass, forming vast 
galleries.* 

If we represent to ourselves the considerable thickness of 
the marls, in some places 100 metres [328 feet], the follow- 
ing picture presents itself to the imagination : 

An immense platform, under which vast subterranean pas-^ 
sages exist, which the waters continue to enlarge, sinks as 



♦ The character of these valleys would appear to be analogous to th^ 
valleys on the edge of the oolite escarppaent near Batli, Ci c. F )r an ac- 
count of the valleys of denudation on the south coast of Devon and 
Dorset, consult Prof. Buckland's memoir, in the 1st vol. new series, of 
the Geological Transactions. (Trans.) 
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the marl is carried awaj from beneath it ; the portions de* 
priTed of all support ginng way to their enormoas weight, 
descend and break ; their debris lUne washed away b j the 
waters, rolled to a distance, and deep raTines or vaileys are 
left in their places* 

The better supported portions resist, bat are mined at 
their feet, their beds projecting over the edge of the ruptures, 
are upset, are placed in inclined positions, and are curred - 
and contorted according to the form of the rocks on which 
thej rest. From thence the mountains and the various 
forms taken by their beds. 

The cayems occurring on the oolitic mass, are owing to 
some of these galleries, the roof of which being better sup- 
ported, has obly fallen in part. They are true subterranean 
valleys. 

I have not the vain pret^ision of creating an universal 
system. I merely state that I apply my reasoning solely to 
the rocks in which I have observed the facts on which it is 
founded. 

The valleys of Macornais, Lons le Saunter, Yoiteur, &c. 
form, at their commencement, the furrows in the platform 
I have mentioned : they are afterwards prolonged across the 
slopes and hills. 

The general aspect of their elevated sides is that of a wall 
of rocks, whiich is surmounted by a rocky and almost vertical 
formation, covered by heaths, and from which descends 
with an uniform slope a fertile bank, covered with excellent 
vines. 

The line of junction of the rocky wall with the kind of 
prop commencing at its foot, is precisely at the separation of 
the two enormous masses of limestone and marl; we are 
always certain of finding the ferruginous oolitic bed there ; 
this line follows the slight inflexions of the beds, that are 
generally almost horizontal. 

The action of the air and water decomposing the marls 
that support the limestone beds, would mine the foot of the 
escarpment until the fallen masses covering the marls with 
debris should protect them from the atmosphere ; since then 
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the talus would be coYored with: vegetable soil) and' would 
oabr from time to time be exposed to the falling massfe^* - 

If it is observed that the calcareous mass is split in all di-: 
reetioos perpendicular to its strata^and that it breaks in right 
lined prisms, it will be seen whj the escarpments ar^alwa^? 
perpendicular to the: beds; ajad the. regular and constant 
form preseuted'by the sides of the vsilleys will not be at all, 
sttiprismg. ' 

The upper part of the third valley abdve meationed^r 
known by the name of Roche de Baume, appears mi^ch more, 
r^ent than the others ; the escarpments, offer considerable 
precipices, from which frequent' falls occur ; the debris form' 
a perfectly regular talus of 45% which is' not any wbere 
covered by vegetalble soil ; and it is probable that ages may; 
elapse before it can be cultivated. ^ ^ 

The form of these valleys present the. same simidsities as* 
a serpentine river ; the salient' angles of one side correspond- 
ing with: the re-entering angles of the other. If these par* 
tial deviations are disregarded, there are but two principal 
directions^ <me from S. to N« the same ds that of the longi- 
tudinal vallies, and the other from S.£« to N.W. . 

It :is remarkable that when the first direction is , changed 
into the second, there is generally found on the east a snudl 
Accessory valley, rounded in the form of a gulf. 

This fact may be observed in the valley of Macornais, 
opposite Moyrbn, in that:of Lons le Sauuier opposite. Haylg- 
ny and Conliege, and in that of Voiteur, oppo^te^ the Abbey, 
of Baiime, and above Nevy. 

Does not this shew that the waters of the sea retired from 
this country in a general, direction from S. to N.? that the. 
interior currents formed in the midst of the marls, having, 
met with obstacles in certain points, had in their course 
rushed from right to left, but not being able to. force a pas- 
sage towards the east, they only formed a kind of circus 
there, returning upon themselves, so as to throw themselves 
wholly towards the N.W. ? 

The entrance of a deep cave is perceived in the small 
gulf of Revigny, composed of immense subterranean cham- 
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befs, situated in a Boiih and south direetibD, and com* 
mnnicatiBg with each other by passages of ^dfferent dimen- 

StOBSw 

The rirer la SeSle, lowing at the botton of tli^ talley of 
Yottenr, rashes o«t of a cave perfectly resembliDg the last. 

If it be obserred that the latter is sitoated precisely on 
the north of the former^ that is to say, in. the direction in 
which the waters of the sea have retired, it will appear Tery 
probable that the two cares commnnicate with each otiier, 
and fbrm but one. 

A Idnd of Aibteiranean lake prevents the verification of 
thin eoDJeoftare. ' 

it is tery probable tliat the rocks of Banwe, taentioned 
above, form a continttance of the cavern of la Seille, aiid that 
they have fallen down mnch later than the other excavations 
of the valley of Yoitenr. 

The cakareons mass of this formation is taversed throngh- 
ont its height by very miineroas clefts ; it follows that ibe 
nihi waters are net retained on the surface, they infiltrate 
down to the marls, and grve rise to many springs always 
situated at the foot of the rocky escarpments. 

This is the cause that there exists neither fountains nor 
rivulets, throughout the extent d the platform, which com- 
pels the inhabitants of the villages to consume only cistern 
water. 

It follows also that the ground is lighter and more fit for 
the culture of corn. 

Lastly, the waters, penetrating into the caverns, gradually- 
wear away their sides, and in the end produce sinkings re- 
sembling those I have described in the gryphite limestone 
fcArmation. 

The first stage of the oolite formation is not complete in 
the vicinity of Lons le Saunier ; the platform rises at the 
commencement of the valley as high as the beds containing 
entrochi and terebratulse above Conliege, to the thin and 
regular compact limestone beds that precede it ; it is still 
lower above Perigny. 
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It attains at St. IMlauce, Cran^ot, and neatly ia Mirbel, the 
height of the oolitic and granular beds, which .afford the best 
buildiiig 9ton«« 

' Beds of compact Hmasione, 'with an undetermined and 
conchoidal fhtotnre occar near the latter Tillage ; they pro-< 
duce ihe most esteemed ^me in the cdnntry. 

Th&yalley ef Lons le Sann^, after having been enclosed 
to the:Umit of the platforni, suddenly opens to the right^ near 
the?liliigeiofPetigny« f 

This limit, distant 2 kilometres [about 1 \ mile] on the east 
of tiM toi^n, passes by the villages of Pannessi^re, Lavigny^ 
Yoittor, and" Frontenay ; it afterwards turns a little to the 
east towards Polighy and Arbois. 

The platform is prolonged, on the left of the valiey^ to 
Montaigu, igamAi^ a rounded projection which separates thei 
two basins of Lons le Saunier and Macomais^ « 
' Beyond the limit of the platform, the basin of Lons le 
Saunier is bordered on the left by four longitudinal hills^ 
having a N. and S, direction, which are united together, 
and to the- projection of Montargu by passes of little el;eva-' 
tion ; it opens out to the right, and is bounded by very flat 
hillsi . 

The oolitic rocks have, in this part, been almost entirely 
carried away : some scattered patches only remain on the 
gryphite formati^OQ, forming the knolls of Mbntmoret, Pi- 
mont, I'Etoile, the hills of Chilles, le Pin, Montin, Plainoi- 
seau, Arlay, &;c. These are, it may be said, the witnesses 
of the great convulsion that has torn away the platform which, 
covered all this country.^ 

The gryphite limestone ropks have been laid open throngh- 
out the greater part of this extent ; I shall observe, that in 
all situations vvhere the junction of the first marls of the last 
formation with the gryphite rocks can be observed, they are. 
found disposed in beds parallel to the portions of beds on 

* These patches seem to be outliers resembling those of the same rocks 
in the vicinity of Bath, &c. (Trans.) 
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which they, rest, and divided into small prisms perfectly re« 
sembling a pavement* 

This obserration had, for some time, shaken my opinion 
respecting the distinction of the two formations; bnt I have 
since convinced myself, that this parallelism only belongs to 
the first beds deposited on the gryjAite formation, and that 
800B after the marls no longer present this relajtionship. . 
' The most complete proof is obtained of the . difference of 
formation of these two kinds of rocks, by seeing the most 
ancient beds break through the foot of the talus of shelly 
maris, between Conliege and Perigny ; also breaking through 
above^ the bitnminous beds of the knoll of Fimont, with an 
inclination of 50* to the east, whilst the latter dip in a con- 
trary direction; by seeing them rise nearly to the oolitic 
beds at Montaigu, to the marls of the second stage at Salins, 
and much higher still in other places. 

I shall lastly add, that immediately on the N.E, of Lons 
le Cannier, perfectly horizontal beds of^yritous shelly marls 
are found, and that at less than a gun-shot to the north of 
this point, vertical beds of gryphite limestone are seen rising 
abpve the ground, without varying sensibly fn situation ; 
which clearly shews that the pyritous shelly marls, and con- 
sequently all the oolitic rocks, did not exist at the time of 
the displacement of the gryphite beds.* 

This is the place to describe the singular positions in which 
ihe upset beds are found of the enormous masses of oolitic 
limestone ; but not to prolong this memoir to too great a 
length, I shall not undertake to treat on this subject with 
all the detail of which it is susceptible ; I shall confine my- 
self to citing the following examples : 



• These appearances may very easily be produced by faults, known 
not to be uncommon in lias, the coast section I have given in the Geol. 
Trans, vol. i, new series, plate 8, shews some that have affected both 
the lias and new ried sandstone beneath it. That considerable faults 
occur in the neighbourhood of Lons le Saunier, is clearly seen by the 
author's account ^f that country, therefore the different beds may easily 
come in contact with different dips. (Trans.) 
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The projection of Montaigu with the first longitudinal hill 
joining it, forms a creek situated on the- prolongation of the 
first direction of the yalley of Macomais ; the waters, deseend- 
iBg from Vemantois, have upset the beds of this slope towards 
4fae £., and carried away into the basin of Long le Sannier, 
the oolitic marls which covered the projection, leaving as^' a 
witness of their existence, some remains of beds at the end 
of the Tillage on the gryphite rocks; the waters not bdng 
able to break the latter, have been compelled to return upon 
themselyes, and tp cut, in order to enter int6 the yallej of 
Macomais^ through a considerable mass of beds which were 
united to the upper part of the hill, and which, at presetst, 
form an isolated knoll opposite the village of Moyron. 

Beyond Macomais the valley opens considerably to the 
right; its waters, thrown back by the current, descending 
from the village of Vaux on the opposite west side of Manij 
hill, have upset its beds totke W.S.W. 

There is very little inclinaticki on the part of this hill 
looking upon Lons le Saunier ; but it always increases to- 
wards the other extremity ; in the quarry of P^radis^ situated 
opposite Macomais, beds of entrochl and terebratulas liixie- 
sione are seen inclined at more than 45**. 

The l)eds of compact and ooHtic limestone covering these 
last, and which very much resemble the brittle limestone j 
form on the west a knoll, the stratification of which is 
much confused) and which is not altogether detached from 
the hill. 

It is very remarkable that this species of promontory, 
from whence a view is obtained over the whole breadth of 
the plains of the Saone, rests immediately on horizontal beds 
of gryphite limestone, an escarpment of which, from six tb 
eight metres [about % to 26 ft.] in height, and 100 [328 ft.] 
in length, crops out among the vines at the foot of the prcu 
montory. 

This fact proves in the most decided manner that the 
disturbances of the rocks of the oolitic formation cannot be 
owing to a cause from the interior, such as ah earthquake. 
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Mont-Orient) sitiinted to the south of Loss le Saimler, 
li^ind the yilk^ of Courbouson,. presents verj carious dis- 
iHurhances of the beds. 

. TJhiB mount intercepts the oommunication of two long 
.TillffgeS) being situated in the line between them, arid 
presents a Tery elevated escarpment on the side of Conirp 
boQzon) of two systems of beds npset to the E« dud W. on 
ihe bottom of the lower TliUey, AAd restibg. against its sides, 
the beds of which are inclined towards the ceiitrfe on the left, 
find are horizontal on the right. 

To account for this singular distnrfoance, it is sufficient 
to imagine that the wateirs that descended from St. liEuinent 
towards Courbouzon, having formed^ in this broad part of 
the valley, tw6 galleries instead of one, sepiunfted b^ a 
mass, either, of gryphite beds, or marls more solid than 
the rest, in each aide of which the ainking .took place 
as in two different vallies, and l%at beyOnd, the two united 
fctirrents entirely carried tftWay thei beds^ which were thus 
left unsupported* 

These beds, leaning against ciach other, opposed such re- 
sistance to the waters, that they were compelled to open a 
passage to the west, near the Tillage of Creving^. 

The beds of the right side of this momt occur disturbed 
under yarioas angles ; they are first inclined at about 40^, 
and afterwards at 75\ 

Lastly, these compact and oolitic beds are in a perfectly 
yertical position ; but those on the left have sunk more than 
the former. 

The country house of the late Peer of France, Yenrier, is 
situated on th^ summit of this mount, at the separation of 
the two systems of disturbed beds* 

At its foot is worked, in the gryphite limestone formation, 
the gypsum quarry of Courbouzon. 

I ought to state, before I terminate this memoir, that the 
two rock formations of the Jura chain have already been 
noticed by several geologists; but I should,* at the same 
time remark, that they considered that which contains 



I 



Rnwons ofljms k Saunier* 159 

gryphites, as more modBm than tliat of tb^ truevonq^ad 
limestone of the Jura^ whkh easily breaks into conchoidal 
spUnisrs. 

.The cause of this emut was enring to the respective exteDt 
and limitB of these JTorniiCtioiis not .being known, organic 
remains were suj^sed to be extreitielj rare in the second^ 
and very abundant in the first, and lastly the beds were cwii* 
sidered to be more horizontal in the latter than the former ; 
so that the limestone formation, the beds of which were 
arched, appeared referable to the transition series, whilst 
that of the gryphite limestone was regarded, and with 
reason, as a secondary formation in all the force of the 
term. 

The most important geological fact that I have proved in 
this memoir, and of which the hollowing out of the valleys 
and caverns of this country ought to be a necessary conse- 
quence, was unknown. I speak of the existence of enor- 
mous masses of marl beds, beneath the gryphite limestone, 
and beneath the different stages of oolitic limestone ; in 
order to explain these great effects, recourse must be had to 
purely gratuitous hypotheses. 

Lastly, these marls, which always appear as if over- 
lapping, either at the bottom of valleys, at the foot of 
platforms, or on their summit, not having been distin- 
guished, as to their formation, from those found in irregular 
beds among the clays, sands, and gravelly soils ; *they 
were considered as deposited after the formation of the 
valleys. 

It followed that the gypseous masses of the 'Jura, which 
are the most ancient of all the mineral masses of that 
chain, appeared to be of an infinitely more modern for- 
mation. 

This memoir is very incomplete, and partakes greatly of 
the haste with which it was written ; but the subject is so 
vast, that it would require many years of obser?ation and 
study, iu order to understand the immense quantity of 
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fossils that exist in the environs of Lons le Saunier, and pro- 
per! j to describe the rocks bed bj bed. 

The much more limited end, that I propose, will be ac- 
complished, if this memoir may serve to dispel some errors, 
that were entertained with regard to. the geological structure 
of these mountains, and it may, in the end, render' their 
study more easy. 
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IlTTRODUCTIOir* 

IT is now very generally agreed that the end of positiTe 
Geology is to be able to understand^ as exactly and com- 
pletely as possible^ the nature and structure of the crust of 
the globe, and to discover if general and constant laws have 
gOTemed this structure. 

The precise determination of the rocks, miqerals, and 
fossil organic bodies constituting the different portions of 
this crust, and lastly that of their relative position, are the 
principal and perhaps only means that can enable us to 
acquire this knowledge, and lead us to the general, into- 
lesting and useful results, that it promises. All geologists 
are agreed on these three propositions, and all endeavour to 
discover by different means the order of superposition of 
formations and the rocks composing them ; but all are not 
yet equally agreed on the utility on determining previously, 
and independently of every other consideration, the rocks 
entering into the structure of formations. Some, without 
altogether rejecting this mode of considering them, attach 
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Tery little importance to it ; others, confounding it with the 
state of relative positions (positions respectiyes), desire that 
mineralogical descriptions should constantly accompany those 
of the formations. We have for a long time exerted our efforts 
to prove that these two subjects ought to be sieparately treated, 
that their confusion is necessarily carried into the science 
and retards the progress of it ; we. have with pleasure seen 
these principles a^itted by niany foreign and French geolo- 
gists, and it Is to be remarked that those even who do not 
desire explicitly to recognise them are compelled to submit 
to them, as it were in spite of themselves, in their geological 
observations.' Those that I am' about to bring forward will 
again prove, at least I venture the hope, the necessity of 
this distinction. It will be seen that it is very difficult, often 
even impossible, to be able to determine the relative po- 
sition of formations composed of particular rocks and fossil 
organic bodies, if the differences of these rocks and fossils 
have not previously been made known with precision. 

Among the rocks whose, reh^tiye ppsition in the crust of 
the globe are either obscure or little known, are reckoned 
certain ophiolites* (ophiolites), or rocks with a serpentine 
base, diallage rocks, and even jaspers; notwithstanding the 
labours and numerous travels for some time undertaken- by 
celebrated geologists, the knowledge of the position of 
these rocks has remained either incomplete or uncertain ; 

« • • • • 

^nd I even venture to say, that in many cases, a very false 
idea has been formed of it ; this state of uncertainty was 
principally owing to three causes : 

1st.. To the rarity of one of these rocks, the Jasper. 



• ^ 



■ * I have given Uie characters of these composed rocks and those of 

;. their varieties, in my essay on the mineralogical classification of mixed 

rocks, inserted in the Journal des Mines, vol. xxxiv. No. 199, July 1813. 

It is found translated into German, in the work entitled, '* Taschenbuch 

lur die gesammte Miiieraldgie ; " by H. C. Leonhard, 9th year, page 

378 ; and into Italian, in M: Moretti's work : " Classificazione delle 

Rocce. & Milano, 1814." M. de Bonnard has inserted the whole with 

.some modifications and additions, which I am disposed to admit, in the 

2d edition of the " Nouveau Dictionnaire d'histoire naturelle," at the 

word — roche. 
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Sdly. To tke confusion that has reigned, from the want of 
a good mineralogical determination, between the rocks with 
a serpentine base of different formations. 

Sdlj. To the structure of the serpentines (ophiolites), 
in mass, which often occur as isolated mountains without 
distinct stratification, without foreign characteristic bodies. 
Sec. 

It certainly required this union of unfaTorable circum- 
stances to conceal the true position of these rocks from thfe 
observation of geologists distinguished for their science, their 
activity, and their works, who have before me travelled 
over that part of the Apennines, where I have with certainty 
observed the position of these rocks. I have at the same 
time acquired new proofs of the presence of rocks as per- 
fectly crystallized as granite, placed on aggregate rocks as 
coarse as sandstone, on rocks perfectly resembling those 
which, in the same canton, contain organic remains. - The 
facts I am about to expose will prove these two results, and 
the quotations I shall bring forward will shew that they were 
not only neither well known nor generally admitted, but 
that persons have often been deceived with respect to them* 



Article I. 

Enumeration and designation of the principal rocks 
composing that part of the Apennines which forms 
the subject of this memoir. 

Those parts of the Apennines which are situated between 
Genoa and the north of Florence, and the environs of Sienna, 
not comprising the hills that border the Mediterranean, pre- 
sent three kinds of principal formations, which we shall 
designate by the following names, without considering, in 
this enumeration, the order in which they occur. 

1st. The sandy, marly and shelly formation (terrain sablo- 
mameux-coquillier), or tertiary formation of Brocchi and 
almost all geologists. 

l2 
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9dly« The calcareous sandstone formation (terrain calca- 
^eo-psammitique ; the arenaria, &c. of the Italian geologists. 

Sdlj. The serpentine formation (terrain ophiolitique). 

I mention the tertiary formation in this communication 
solely to shew that it is not forgotten ; bat as it bears no 
direct relation to the serpentine formation^ the principal 
object of this paper, I shall not here speak of it* 

There are some other rocks or formations, either subor- 
dinate to these, or in an independent position, such as the 
gypsum and saline formations. Those of marble or crystal- 
line limestone, which I equally pass oyer in silence, either 
because they are foreign to my subject, or because I am not 
exactly acquainted with their relations, or lastly, because 
I have nothing more to say concerning them than has been 
published by Italian naturalists. 

I confine myself therefore to the examination of the rela- 
Aiye position of the serpentine with the calcareo-sandstone 
formations^ and I ought, consistently with the principles I 
have above laid down, previously to detennine, with the 
greatest possible exactitude, the rocks composing these for- 
mations. 

1. The calcareo-sandstone forms, in this part of the 
Apennines, the principal mass of the mountains, and may 
be considered as the base or fundamental formation. It is 
composed of the following rocks. 

a. A calcareous micaceous sandstone ; that is to say, a 
. rock apparently arenaceous, but solid and even compact, and 

hard enough to strike fire with a stroke of the hammer; 
more or less mixed with mica, and often traversed by veins 
of calcareous spar ; its predominant colour is blueish grey 
with a crust of reddish brown (pietra serena of the Floren- 
tines). (Mountain of Fiesole near Florence; Oneille; 
Barigazzo.) 

b. A micaceous sandstone (macigno and bardellone, 
Brocchi), passing into schistose sandstone and even a spang- 
led (paillet^) argillaceous slate alternating with them (Doc- 
cia ; Arezzo ; Fiesole). 
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Tbese two rocks differ but little from each other. 

c. A Terj fine grained compact limestone, easy to break, 
with a conchoidal fracture, sometimes a little scaly ; of an 
ash or bluish grey colour, with veins of calcareous spar. 

(At Rochetta de la Spezia ; at Doccia near Florence ; at 
Pietramala, &c.) 

d. A marly schist, sometimes rather solid, but extremely 
fissile and dividing in the manner of slates (between Ban- 
gazzo and the Col of Bosco-Lungo, road from Modena to 
Pistoia), sometimes of a yf^llowish brown colour, of a dull 
and even earthy aspect, and resembling marl ; often even so' 
fissile and disunited, that it is impossible to obtain a speci- 
men fit for shewing its characters. (At Rochetta de la 
Spezia, on the borders ,of Cravignola). This schist passes 
into a dull argillaceous slate containing a little mica, into 
spangled (paillete) argillaceous slkte containing more mica, 
without from this circumstance ceasing to be marly, that is, 
ceasing to effervesce with nitric acid ; in this respect very 
different from ancient argillaceous schist, which is dull, and 
does not contain lime. 

Such are the rocks of a calcareous, arenaceous, and schist* 
ose nature that occur most abundantly in those parts of the' 
Apeninnes I have mentioned. They alternate with each 
other without any order, often many times in a short space ; 
they pass into each other .by insensible gradations ; they 
form entire and very elevated mountains, chains of hills 
and mountains of great extent, and offer some peculiarities 
in their structure, which I shall make known when I' 
describe the places where I have observed the positions that 
constitute the principal object of this memoir. 

2. The ophiolitic or serpentine formation is composed, 
in these sauie districts, of the following rocks, forming its 
principal and essential parts. 

a. Asbestiferous greenish serpentine, brown (terpentine 
with dialiage, and common serpentine. 

Throughout the whole valley of the Magra, and the Vara ; . 
in the environs of Prato, on the north of Florence; on the 
south, at Imprunetta ; near Pie tra- mala, on the road from 
Florence to Bologna j to the north of Genoa, at Mont 
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Ramazzio, and probably on tbe coast from Genoa to Inurea^ 

&6. 
' b, Diallage rock (Euphotide of Haiij, Granitone of the 

Italians, Gabbro of M. von Buch). A rock composed, in 

the cantons to which I confiae my observations, of compact 

or sublamellar felspar, of greenish' serpentine, of sc^iller 

spar (diallage metalloide), and sometimes perhaps of quartz. 
On the western shore from Genoa to Savona ; the felspar 

is granular, with quartz and more talc than diallage. 
- At Voraggio ; the felspar is granular, with diallage or talc 

of a dull green colour. 

At Figline, on the north of Florence; compact waxy 

felspar accompanied by lamellar blueish grey felspar, with 

diallage and a little green serpentine. 

'In the valley of Suvero and Cravignola, to the north of 

Brugnato, &c. 

3. The Jasper formation (terrain jaspique) composed of 
extensive beds or mountains of jasper, subdivided into strata 
or even extremely multiplied and parallel laminae, some- 
times red with a dull fracture and coarse paste (at Prato ; 

jat Pietramala), sometimes red, of a finer paste, with either 
violet or dull green zones. It resembles the ribbon jaspev 
of Siberia, though it does not possess either its hardness, its^ 
beautiful colours, or its fine grain, and it differs still more 
from it by^ perfect infusibility (at Montenero near Ro- 
chetta).* 

There are two jaspers. The greed and translucent part,, 
which possesses a little of the exterior characters of petro*- 
silex, is infusible with the blowpipe ; the red part is equally 
so, but it becomes discoloured, and tbe surface of the scales 
becomes slightly shining. 

This formation contains, as a subordinate rock, beds of 
altered red jasper, passing into red whetstone schist, and^ 
as casual minerals, black oxide of manganese, compact and 

* Dr. MacCuUoch has given an account and synopsis of jasper rock^ 
in his geological classification of rocks, division/ ' Occasional rocks;' he 
states/Hhat it occurs indiscriminately both in the primary and secondary 
classes." (p. 5S9). (Trans.) 
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very hard, mixed with crystalline quartz and brown ochre 
or umber earth, which appears to be an flltiSratibn either of 
jasper or of manganesiferous red schist. 

I shall not enter further into details respecting the rocks 
composing these formations; many of them have been'weU 
described by the Italian geologists, Messrs. Vivianl;, Bardf^ 
Brocchi, &c. and by the French geologists, Messrs. Faujas, 
Cordier, &c. ^ 

It id moreover for naturalists who live on the spot deeply 
to study these' details, that require time and frequent visits 
to the same canton. I do not therefore pretend to have 
completed this description, but to ha?e sufficiently studied 
it for my object. 

I ought now to shew the manner in which these rocks and 
formations occur together. 



Articlb II. 

Disposition of these rocks with regard to each other^ 
Sect. I. Directly and closely observed* 

I • • • 

I have recognised these relations in three principal places, 
separated, in a right line, more than thirty leagues from each 
other ; and this positive knowledge being acquired, I have 
been afforded the means of recognising the same mode of 
occurrence in places where it was not so evident, and to 
content myself with analogies, the value of which' I now 
appreciate, in order to apply it to other ' foundations in 
which this disposition is shewn in an incomplete manner. 

The first place where the relative position of the three 
formations is shewn in a perfectly clear manner, is the small 
valley of Cravignola, leading from Borghetto to the village 
of Rochetia; this village is situated at about 15 kilometres 
[11^ miles] to the north of- Borghetto and Brugnato, and at 
bQ kilometres [about 4^j miles] in a direct line to the 
N.N.E. of Spezia. ' 

'. Following the bed of the torrent of Cravignola, a gorge is 
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entered tiMit cats the foot of two tnoiintaiiiSy imd whidh 
coDiequently exposes their stracture. 

That on the right bank which is the lowest^ and which is 
lepresented ahnost entirely^ (&g» !• pi. 5) shows the snct 
•cession of the following rocks, inclined from N. to S,, and 
coTering each other. These rocks are, proceeding from the 
highest to the lowest, 

1st. Green serpentine with diallage homogeneous, but 
much broken, and a petrosiliceons serpentina. The latter 
is compact, contidns whitish petrosiiex, disposed in irregular 
spots passing into little veins in the green paste. It con^ 
tains cremate of iron, some pyritous points, and yerj little 
diallage. 

ddlj. Diallage rock (or granitone of the Italians) In thick 
beds, of tolerably regular size, and situated beneath the 
serpentine, (see fig, 1. ^t B,). This diallage rock is com^ 
posed of white and greenbh felspar or petrosiiex, and shining 
diallage in Tcrj large plates. It offers some Tarieties, the 
principal of which are ; a. serpentine diallage rock passing 
into the preceding rock, and only differing from it by more 
silex and the presence of diiUage in large plates, b. calca-* 
reous reddish diallage rock of a greenish petro-silex paste 
with thin winding plates of steatite or greenish talc, and 
numerous red spots of snblamellar carbonate of lime : dial.« 
lage is rare in it. 

The upper beds of diallage rock, those that immediately 
follow the serpentine, are of a green paste, which colour la 
seen to be owing to serpentine. The inferior beds offer a 
mixture of a deep green, a pale green, a greyish, a white 
Itnd red colour. The red part is not jasper, but as M^ 
Yirianl has obseryed, it is a red lamellar carbonate of lime^ 
Diallage is there less abundant, and the rock is traversed 
by veins of calcareous spar. 

3dly. The rock that immediately follows it (at C) is a 
Jasper, generally red but sometimes striped or zoned with a 
violet and greenish colour. This jasper is very splintery, at 
least on the superficies of the formation ; it is cleanly strati- 
fied in beds more or less thick, rarely attaining two decl*^ 
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liietres [aboat 8 in.], and <>ften redaced into thin strata, and 
filmost laminae of from three to four centimetres [little more 
than 1 in.] thick; these beds, highly inclined from NvE. to 
S.W. or nearly so, are generally straight, parallel to each other, 
t>f greater thickness at the upper portions near the dialtage 
rock ; very thin and then a little sinuous below near the 
cape terminating the mountain. They are perfectly distinct, 
being uncovered throughout a great part of their extent, and 
concealed only in a few points by some patches of turf. 

This mountain, which is rounded while mounting the 
torrent of Suvero, beyond the village of Rochetta, shews on 
that side absolutely the same rocks, and in the same position. 
It is seen, as well as in the portion { have just described^ 
that the diallage rock of a red paste is always that whicli 
touches the jasper; which seems to indicate that it owes its 
colour to the same cause as that rock, and that it is verj 
nearly of the skme epoch of formation as this jasper. 

The mountain (fig. 2), on the left ba|ik of the torrent of 
Cravignola, bears the name of Montenero, and appears to 
be the foot or base of that which was shei^n us by the name 
Mont Silva, It is not less steep than that on the right side, 
aiid being like it perpendicular at its base, it shews clearly 
its interior' structure, and affords precisely the same series of 
rocks. The jasper, which is here a little more compactji 
and the same varieties of diallage rock, occur in the sa^^ 
positions. 

But continuing to mount the torrent of Cravignola, and 
penetrating as it were into the interior of the mountain, we 
ought to be able to see, in consequence of the inclination of 
the beds, the rocks situated beneath the jasper, and conse« 
quently beneath the diallage rocks and serpentines ; and, 
in fact the jasper suddenly ends opposite the confluence of 
the Suvero and Cravignola, and we see : 

4thly. Alternating beds of a soft and very friable schistose 
rock (E), and a compact limestone (D), succeeding the 
jasper without interruption, and whose stratification is en- 
tirely parallel to it, as represented ^g, 1. pi. 1. The friable 
schistose rock is not a primitive argillaceous schist, in the 
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precise acceptation of that term, nor even an argillaceous 
schist, as it might at first sight be considered : for argilla- 
ceous schist, and above all that considered as primitive or 
even transition, is generally bard, of a fine and dose grain, 
and often shining ; if it contains mica, it is as it were dis- 
solved and not in distinct plates. The schistose rock that 
occurs here beneath the jasper, possesses nearly the opposite 
characters, it is so -earthy and easily broken, that a speci- 
men of a certain size cannot be obtained. It is either of a 
dull yellowish, greyish, or even nearly blackish colour. The 
n^ica when met with, which is but very rarely, is seen dis- 
seminated in small spangles, difficult to be observed, and 
th^t which, completes the series of its differences, is that it 
effervesces strongly with nitric acid. 

' This rock, when homogenous, is then a greyish marly 
schist, such as I have characterized it in my mineralogy, and 
when it. contains mica^ it is e&actly referable to that which I 
have elsewhere * named dull micaceous argillaceous state 
(phillade micacee teme). 

This marly -schist passes into compact limestone by insen- 
sible gradations, and alternates with beds of a fine compact 
limestone, of a snH>ke grey colour, and of a clean conchbidal 
ifWture, traversed by numerous veins of calcareous spar. 

The immediate and evident superposition cannot then here 
be doubted of the serpentine, of the diallage rock, rocks so 
clearly crystallized, and jasper «on calcareous rocks which 
offer all the characters of a deposit (d'un sediment). 

Before I quit this example and the place that furnished it, 
I ought to state some other facts that will complete its 
history. 
' While mounting up the M ontenero or the mountain of 
SLlva, and traversing the Col of Beverone, in order to pass 
by Garbuglaria into a valley which joins the valley of the 
Vafra at Madrignano, the jasper formation is constantly on 
the right, that is towards the £ast, here rising towards the 

* Mineralogical classification of mixed rocks, Journal des Mines, vpU 
xxxiv. p. 5. &C. 
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summit of the mouniaiD, and in ^hich the compact oxide 
of' manganese is tvorked, that apparently occurs in dissemi- 
nated nodules. This jasper is most generally red, and con- 
tains portions of agate; it is traversed by numerous veins of 
white quartz, which present cavities lined with crystallized 
quartz. "When the Col de BeverOne is passed, the jasper is 
seen ou the left, towards the summits of the mountains, 
always resting upon the limestone and marly schist, shewing 
its existence by rolled fragments on parts of these mountains, 
and at a distance by its occurrence on thick beds, and by 
the reddish ' colour of these beds. The superposition of 
these two rocks could not be discovered from this obscure 
disposition ; but being known, the analogous positions are 
easily traced here. Yet, as the serpentines do not rise to 
this height, so many rocks are not found, and it is only in 
descending from Beverone towards Madignano, that thej 
are. again discovered in the same relative position. While 
mounting towards the summit of Mont Silva, the jasper is on 
the right or Eapt, and the limestone and marly schist on the 
left or West, rising from beneath the jasper ; and as this 
calcareous formation occurs throughout a considerable ex- 
tent, all its peculis^rities may easily be studied. 

The mixture of marly schist and compact limestone is seen 

to be still more frequent and complete here, than at the base 

of the mountain. This portion of the calcareous rock mixed . 

with clay appearing to have collapsed more at the general 

desiccation of its beds, thati the^ pure compact limestone, 

open clefts have resulted, which have been penetrated by 

marly schist. The latter being removed by some cause 

which it does not belong to my subject to search for, the 

lower portion^ of the limestone beds have remained divided 

into a multitude of prisms perpendicular to the plane of the 

beds, and separated from each other by open clefts. This 

disposition, remarked by Targioni and the Italian geologists, 

has caused the name of alberese costellino to be given to it, 

i;e. knifestone, because the ridges of the prisms are often 

very sharp. If the calcateous rocks affording these prisms 

were cut near their base, and perpendicular to their sides, 
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the section resulting ftom it wonld offer that ramous aspert 
that characterizes the prisms named the rain-shaped marble 
of Florence. 

This obserration ought not to be considered as the des- 
cription of an isolated fact^ nor as the explanation of ruin- 
fotmed marbles. It is tmited to the geological history of 
these monntains^ leading ns to determine the geological po- 
> sition of the Florence marble, and reciprocally to establish 
in a more certain manner that of the calcareous formation 
which supports the serpentines^ dialiage rocks, and jaspers. 
We shall find this ruin-formed limestone in places^far dis- 
tant from this last, and the enylrons of Florence^ in a geo- 
graphical position, which bears the greatest analogy to that 
ifS the formation we are describing. 

. The second example, taken Uke the first from the north* 
era side of the Apennines, is> the least complete ; we hare 
seen but two diffeient rocks ia eyident superposition ; the 
position of the third must be pfesmned from analogy. 

This second example occurs on the N.W. of Florence, 
near the small town of Prato, and to the W» of the Yillage 
of Figline, and' on, the mountain named Monte-Ferrato. 
I had the great advantage of being conducted by M. Nesti, 
and Count Bardi, director of the Florence cabinet, who^ 
has published a ¥ery good n^ei^Kpir on the dialiage rocks and 
jaspers on Monte Ferrato«v' 

This mountain, examined on rte southera side, presents a 
rounded summit, of little elevation, composed of serpentine 
and dialiage, without any distinct stratification,, but disposed 
on thfi contrary, in irregular masses as it were,, separated 
from each other, yet withot^t really being so, and traversed 
by veins of asbestus. It is on the summit of this maps of 
serpentine that M. Brocchi believes he has found and re- 
cognised prehnite. 

Beneath this mass^ at nearly a third of the mountainl^ 
height, and still on the southera side^ the jasper appears in 
the section of a ravine (pi. 1. fig. 9), composed of coarse red 
jasper, mixed with a little greenish semi-transparent jasper. 
It is sometimes in thin laminae, sometimes in thick strata, 
but always so splintery that a solid specimen of the 
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size of an egg cannot be obtained • These Tery numerous 
strata, all parallel to each other, are highly inclined, and 
dip to the E.N.E. under the preceding serpentine. But it 
has been imagined that at the point of contact of the jasper 
and serpentine, the latter rock is altered ; it becomes whitish, 
friable, granular, and has some appearance of an altered or 
imperfect diallage rock* Beneath the jasper, a portion of 
the mountain is passed over covered bj yegetable soil, pas^ 
turage, and woods, which affords no opportunity of any 
where seeing the inferior rocks exposed, or in their primitive 
position. But large blocks of limestone (D), and even 
heads of beds are from time to time met with ; this fine com- 
pact limestone, of a smoke grey colour, possesses all the 
characters of that of Rochetta, and although I have not 
seen it evidently beneath the jasper and serpentine, it may 
be p/esumed that it is, as at Rochetta, placed under these 
rocks ; analogy indicates it, and no observation proves the 
contrary. 

On this side the mountain the diallage rock is wanting ; 
but on its northern side and towards its base, though still 
at an elevated situation, a thick mass of' this beautiful rock 
IS worked, which is here very hard. It contains, besides 
compact felspar that constitutes its base, a sublaminated 
felspar possessing a slight violet tint, and melting before 
the blowpipe into white enamel. Its slightly fat appear- 
ance causes it at first sight to be taken for quartz. 

Large and good millstones are made of it. 

Descending from tliese quarries into the plain j we find 
not the jasper bed, it is probably too thin, and appears to 
have been reduced in thickness as much as the bed of ser- 
pentine has augmented, but small fragments of jasper dis- 
seminated in the soil, that indicate its place, and lower 
down the fine compact limestone of a smoke grey colour.* 

* Count Bardi had remarked the position of the serpentine on the 
jasper,, and had stated it in a memoir published in the 2d volume of the 
Memoirs of the Florence Institute, entitled, Osserv. miner, sopra alcuni 
luoghi adjacenti alle pianura di Prato. He says, page 20 of this memoir, 
** The gabbro (serpentine) immediately rests on the jasper, and readies 
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Let us now pass on to the third example of the saperpositioti 
of the serpentine jasper formation on the calcareo-marly 
formation. This seems the most complete : all the rocks 
appear clearly ahove each other. It is no longer at the foot 
of the Apennines, but placed on the crest of that chain of 
mountains. It occurs in a place of easy access, I would say 
more, in a place frequented by all trayellers, and conse- 
quently by all the geologists who pass from Florence to 
,Boiogna. 

As I visited this place some time after those preceding, I 
then considered that the superposition that I had remarked 
at Rochetta, and regarded as a fact not much known, ought 
to be described in geological works ; and it was with aston- 
ishment, and even yet mistrusting the exactitude of my 
researches, that I presume that it had escaped them, or ra- 
ther that, seduced by false appearances, and led by a kind 
of prejudice on the antiquity of the diallage rocks and ser- 
pentines, they have not been willing to refer to this forma- 
tion the rocks of a serpentine base that form the summit of 
the mountains. 

It is to the south of Pietramala, on the side of the great 
road, close to a place celebrated from the hydrogen gas that 
is perpetually disengaged from the earth, and which is 
almost always lighted, that an example of this superposition 
occurs, as clear and more evident, if possible, than that of 
Rochetta : for here the rocks are nearly horizontal, as is 
seen pi. 5. fig. 4. 

I should omit mentioning the rocks which are met with 
before the point is reached where the superposition of the 
serpentine formations begins to be clearly seen ; not because 

to the sumniit. Yet in other parts of the same raountaias, the jasper 
rests on gabbro ;" which would be equally possible, if these two rocks 
are, as it appears, of contemporaneous formation. But not being able to 
see this superposition in the visit made to this mountain by Count Bardi, 
M. Nesti, and myself, the former appeared to adopt my opinion on the 
superposition of the serpentine to the jasper. 

He elsewhere remarks that pieces of compact limestone are found in 
these two rocks ; but he regards them as produced by crystallization and 
of contemporaneous formation with tlie jasper and serpentine. 
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the history of these rocks would bewithoat interest to sci- 
ence^ bat because I was unable to observe them with suffi- 
cient care, and as it is not necessary for. my priiicipal 
object* 

I ought only to stat« that at Fontebuona, a col of the first 
line of Apennines on the side of Florence, on the road^from 
that town to Bologna, the altei^nation occurs of the greyisk 
fine compact limestone, already described'at Rochetta, with 
the calcareous and micaceous sandstone, which is com^Miet 
and schistose, an alternating rock not so clearly seen at Ro- 
chetta. This disposition occurs again at a place named the 
Maschere, and among the fragments of the sandstone that 
alternates with the limestone which is brought on the road ; 
I found one, but only one, that Contained some carbona- 
ceous bodies. 

Shortly afterwards, mounting to the place named lo Stale, 
Monte Carelli appears a reddish isolated knoll, composed Of 
hroken stones aggregated together,' without apparent strati- 
fication, consequeQtiy of a true breccia, formed by the 
union of fragments of red jasper, serpentine, &c.* 

It was, it may be-sa^d, announcing the near presence of 

■ t * ' • 

* This ki^oU, fvom its forAi, its isolation; its colours, and the mode of 
aggregation of the took composing it, has beela taken by Ferber for vol- 
canic He does not hesitate to say : . ' 

*' The Monte-Trayerso is formed of. lavas and owes its origin to an 
ancient volcano.'' It certainly is not one in "the general and received 
acceptation of that name ; but its appearknce is deceiving, and arriving 
on the spot without recollecting wHat Ferbet liad said, we were- struck 
with the same id^i,- and we could not avoid saying that this hill bor^ a 
singular resemblance to the extmgui.shed volcanoes we had seen. . 

Ferber is not the only person who has considered that a serpentine 
ro6k might be of volcanic origin. 

Guettard had remarked- blocks of serpentine between Loretto and 
Ancona in a formation he considered volcanic. The existence of the vol- 
canic formation is far from being proved ; but the idea of the associatioa 
does not the less remain. Sir G^. Mackenzie states that the volcanic 
amygdaloid beds of the mountain of Akkrefell, in Iceland, are traversed 
by -veins of serpentine of more than a metre [about 3 ft. 3^ in.] in 
thickness. Lastly, M. Breislak does not find any reason for excluding 
magne^ian rocks from volcanic products. 
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terpentine rock, diallage rock, and jasper^ a notice to exa^^ 
mine the mountains attehtiTelj. We momited towards ad 
elevated platform here forming the crest of the Apennines | 
the stratification was nearly horizontal, consequently we 
presumed that as we rose we quitted the inferior and ar* 
rived at the upper beds. In faet, after passidg the col of 
lo Stale, on the side of Traversa, in a very hilly canton 
named, we were informed, Sasso di Castro, the succession 
of the following rocks begins to shew itself, continuing nearly 
from Maschere to beyond Covigliano, a short distance tgi 
the south of Pietramahu This succession of rockB becomes 
even more distinct the nearer Pietramala is approached^ 
and appears well defined hi the almost perpendicular moun« 
tains on the west of the road* 

1st. The summit A, fig 4, of these mountains, which is 
precipitous, or with a very steep slope, cut by numerous 
farrows or deep ravines, and bristled by small peaks, or 
very pointed paps, is composed of hornblende serpentine 
(ophiolite amphiboleuz), and especially of hornblende di« 
allage rock (eiiphotide amphiboleuse), resembling green^ 
stone, but which is too soft to belong to that class of rocks« 
These rocks pass, at the base of the mountain, into serpen- 
tine diallage rock (B), which here presents a very remark- 
able variety, which is that it possesses the amygdaloid 
structure, and all the characters of rocks named amygda« 
loids (variolite). The white spots appear to me to be pe« 
trosilex ; they melt very easily before the blow-pipe, but 
with a very remarkable ebullition. I make a peculiar variety 
of it, by the name of amygdaloid diallage rock (euphotide 
variolitique). 

This rock varies in mineralogical structure, and I might 
long descant on its varieties, if the details had been of use 
to my subject. It is more or less thick^ and enormous 
fallen masses occur at its foot.* 

* Circumstances not allowing me to remain at Pietramala, I was un« 
able to climb to the summit of this mountain in order to examine in place 
the varieties of the serpentine rock composing it : I studied them among 
the immense fallen masses which cover the sides, and which present 
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Sdly, Beneath this diallage rock a red bed (C) is seen, 
of nearly equal thickness throughout its whole extent,' 
almost horizontal) or very little inclined towards the North; 
It is jasper in thin and nearly parallel beds. It is princi- 
pally red, yet is occasionally mixed with greenish zones. 

•normous masses evidently detadied from the udstratified but brokea 
blackish summits of this small chain of mountains! they are so^yolu^ 
minous that, if sufficient attentioi^ is not paid to it, it might be thought; 
that these masses of serpentine rocks were in place, and that they were 
beneath the limestone; it was a remark I made on the spot to my young 
companions, M. Bertrand-Geslin and my son. But M. Mesnard de la. 
Groye has supplied what may be wanting, by communicating to me with 
a generous eagerness the specimens he collected on the summit of tlua 
mountain. They have shewn me that there occurred in these well cha> 
racterised serpentines very remarkable veins of crystalline quartz, con- 
taining pyrites I as also a'hdmblende diallage rock, in which the petTo- 
silez, the diallage, the hornblende, and even the serpentine are perfectly 
distinct I lastly a porphyritic rcwk, traversed by very singular calcareoua 
veins, and which unites the serpentine formation to that of porphyries^ 
Whether this serpentine rock is less abundant in serpentine tl^ai) the 
others, as I suspect, or that it eyen passes into greenstone, it does no( 
the- less belong to what geologists call the second serpentine formation, 
jbf. von Buch,L in the examples he gives of gabbro, i. e. of this formatiou,' 
cites Covigliauo ; and in the MS seciicoA be h^s made and confided to me^ 
he places a summit of serpentine in this spot^ 

The association of serpentine or steatite with hornblende is well recog- 
nised, and referred, like the serpentines, to the transition series^ M^ . 
Stiffl mentions, to the S.W. of Neubourg, a thick bed of steatite on an 
altered sediment basalt, accompanying greenstone, placed on transitioH 
limestone, near Herbom (Leonhard, tasch : 1808, p. S16.) M. Daubnis- 
son also admits this association, and remi^rks thi^t the passage from serw 
pentine to hornblende is often insensible^ M. de Bonnard equally brings 
forward, as an admitted fact near Hartzburg, in the Hartz, the passage 
of diallage rock into greenstone, by a diallagic greenstone, &c. - 

The rock on which M. Palassou has written so much, which he names 
Ophite, and which is actually a greenstone, passes into serpentine and 
hornblende diallage rock ; it belongs, as he himself has remarked, and I 
have had occasion to observe near Pouzac, to the serpentine formation, 
and he insists that it rests on a secondary limestone.* 

^ Dr. MacCuUoch remarks in his account of serpentine, (Classification 
of Rockst p. S45), " That when the contact is that of hornblende rock 
with serpentine, a perfect gradation may sometimes be traced." |Ia 
states two examples have been seen by him of serpentine m the secprv*. 

M 
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It is so brittle aod so broken by atmospheric phenomena, 
that its debris form long red slopes, which appear to cover 
the escarpments, and parti j conceal the following rocks* 

3d\j. The formation that \b immediateiy beneath it^ dc« 
curs in beds having a stratification parallel to that of the 
jasper, and which apparently forms the very thick base of 
this elevated part- of the Apennines ; this formation I say, 
is principally composed of a fine and compact limestone (D), 
of k smoke grey colour, and conchoidal fracture, traversed 
by numerous veins of calcarfgous spar, and of a compact 
yellowish grey limestone without spathose veins. I here 
flotice the principal and most abnudant varieties.; but 
Others occur that I have not considered worth describing. 
Notwithstanding our research, we have not been able to dis- 
cover any organic remains in these rocks. 

Beneath this limestone, and alternating with it, occur the 
hard compact ^sandstone, and the schistose sandstone, which 
is here ofteA very niicace<ni8(F). 

F'rom the midst ot this rock rises the hydrogen gas of 
Pietramala, and this position, it may, en passant, be re- 
marked, is absolutely the same as that of the hydrogen gatf 
of Barigazzo, on the road from Modend to Pistoia. 

The col that is passed on the north of Pietramala is en- 
tirely composed of this same fine and compact limestone, 
and on the descent the same micaceous sandstone is met 
with in thick beds iucliacd towards the north. 

Here then occur nearly the sam^ rocks as at Rochet ta, 
in the same order of superposition. The varieties of very 
little importance presented by these rocks, are those that 

ought to be expected throughout the earth between bodies 

.-• 

dary class* " In both these cases^ veins of trap pass through strata of 
secondlary limestone^ and where the vein is in contact with the limestone^ 
It changes its character and becomes a serpentine^ while it contains in; 
those parts the niinerals usually found in that rock, namely asbestos and 
steatite* The limestonev at the planes of contact, also contains steatite ; 
and thus a species of regular gradation bc^roes established betw^n the 
trap and limestone. The gradation from the serpentine to the trapy 
within the vein, is perfect and insensible." (Traif!<.) 
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ol the same nature observed at soene, distaivce from each 
other. JBat here we have more than at Rochetta^ the alter- 
nation of the linpestone and the micaceous sandstone^ of a 
edarseVy aggre^ted rock. with, one of a fine deposit (s6dB- 
ment fio)^ and the whole beneath rocks, the conplete 
though confused crystallization of which indicaites an entire 
previous solution. Such is the third emnipie I hare io 
addujce as to the evident superposition of the serpentines 
and diallage rocks, crystalline rocks, on compact limestone 
and micaceous sandstone, rocks of sediment * and aggrega^ 
tion. If any doubts remain on the alternation of these two 
'last rocks, and of the superposition of the limestone on the 
sandstone, they will be removed by the facts that I shall 
hereafter expose, when I endeavour to determine the epoch 
of formation to which these rocks may be referred, and by 
the e^iuict coihcidence of niy observations on this last alter* 
nation with that of M* von Buch. ■■ ^ 

§ II. Poskion of the serpentines in other parts of. the 
Apennines^ determined by analogy. 

I shall not pass in review^ with reference to the observa^ 
tions I have just ma4e, all serpentines and diallage rocks, 
in order to compare that which is known respecting their 
position with what we have learned respecting that of tb^ 
Apennines : this enumeration would carry me too faraway 
from the principal object of my work ; but I ought never- 
theless to examine if the position of any wejl known .serpen- 
tines,, and especially those in other parts of the Apennines;, 
presents a disposition contrary io that which I have above 
made known, or if they are not rather the same. 

I have seen the same serpentine formation, that is to say, 
the association of serpentine, containing diallage with dialr 
lage rock, near Monte Cerboli in the Volterranais; at 
Mont Ramazzo near Genoa ; at the Bocchetta, on the north 

■ ; ■ ■ . i 

* 1 have considered it proper to use the author's own word of *' sedi- 
ment," here and elsewhere in this memoir, as I could not otherwise so 
well convey his meaning. (Trans.) 
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of Genoa ; at CastellamoDte and Baldiasero, h^ar Tarin ; and 
notwithstanding the difficulty of recognising, of even the 
impossibility of seeing the rock beneath these serpentines ; 
notwithstanding the differences they present, I consider 
that their position may be presumed the same as that of 
the serpentines of Rochet ta, Pietramala, atad Monteferirato. 

To the sooth of Yolterra, and beyond Pomerance in Tus- 
cany, on the way to the lagonis of Monte Cerboli, a high 
hill is traversed, of some extent, bearing the name of Poggio 
del Gabbro^* (fig. 1.)^ and which is entirely composed of 
dkllage serpentine. On the ascent We find a blackish com- 
pact limestone at the foot of th^ hill, afterwards rolled 
pebbles of serpentine and jasper, then serjpentine in a thick 
aiass. Descending from the col of Monte-Cerboli, towards 
the S.S.E. a bed of gypsum is first met with, which appears 
to- rest against the serpentine, and covered in one spot by a 
conglomerate in thick and nearly horizontal beds, composed 
of ail kinds of rocks, and especially fragments of serpen- 
tine ; continuing (o desciend in order to reach the valley of 
the lagonis we quit, after passing Monte Cerboli (fig. 2), 
tlie serpentine, and meet with dial lege rock, and afterwards 
limestone, the numerous and regular beds of which, sepa- 
rated by bed^ of marly limestone, dip under the mountain, 
and consequently under the diallage rock. 

In this limestone are situated what are called the* Lagonis 
of Tuscany (fig. S). Their description and the account of 
their position, are foreign to my subject; I nevertheless 
cannot avoid remarking, that the vapours of boiling water, 
which rise with great violence from the clefts of this lime- 
stone, and which contidn boracic acid among the substances 
that they carry up with them, take their rise beneath this 
rock, or at least iu it. As not any mineral is known, in the 
mass 6f this limestone, either here nor elsewhere, which 
could give rise to phenomena that are so powerful, so ex- 
tensive, and so general throughout all this country, nor to 

* ■ . ■ • ' » 

* A new proof that Gabbro is the Italian name for serpentine, and not 

dtallagie rock, which is generally called granitonc. 
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A\ie Tarious matter carried up by these vapours, I presmiie 
.that they originate beneath this limestone, .and that conse- 
quently the newest rock in which the focus of these pheno- 
.mena can. be placed, would belong so the transition forma- 

Monte Ram&zzo, a mountain on the N.W. of Gen(Mi| 
'Which is a . continuation of that of Guardia, :i8 composed of 
diallage serpentine, containing copper pyrites, and gifes.rise 
,to works. of sulphate of magnesia, described by Meases. 
.Fanjas, Moyon, .Viviani, Cordier, &c. of amygdaloid ser- 
pentine, rare, certainly, but perfectly resembling that of 
•Pietramak, and of calcareous schist (calschiste) passing into 
steaschist. The formation on which the serpentine is placed, 
is here different from the calcareo-sandstone formation that 
.1 have observed in the places cited above* It appears to 
;be. wanting, and the serpentine is placed immediately upon 
,a transition, tind perhaps even primordial calcareo-talco&e 
formation, very different from the preceding. It possesses 
■all. the characters of ancient rocks ; the limestone is almost 
:lamellar; it is mixed in thin, tortuous beds; and is as it 
:were dissolved with the shining slate and steaschist ; but 
the .serpentine is not covered ,by any oth^r rock, conse- 
queqtly nothing shews it to be inferior to, the rocks that I 
•have referred to the Alpine formation.* 

Diallage serpentine also occurs at the pass of the Bochetta, 
and which, situated on the north of Genoa, forms part of 
the crest of the. Apennines, in this portion of laguria. .^It is 
very . difficult to observe .its positiop : it appears to, be Jhe 

<* HL-Fatijas (AnnaleBda-Museumy t. viii% p. 313), states, thai in the 
.torrent of Cbaravagne, serpentine is seen united jto limestone by veins of 
spathose carbonate of lime, and he has remarked the amygdaloidal. dial- 
lage rock (euphotide variolitique) which he describes by the name of 
Variolite k base de serpentine. 

M. Holland (Annales de Chimieet de Fhyskyue, t. iv. p. 487,) has 
also given adescription of this mountain, and of tlie manufacture of sitl- 
phate of magnesia there established. He states that primitive schist is 
undoubtedly the base of the serpentine formation, which rests on it in 
(Considerable mass, and in an unconformable position. 
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•ame as that of Monte Ramazzo, L e. that this serpentine 
occurs with, or «?en in the steaschist and calcareous slate, 
composing these mountains : for, nothing that I was able to 
flee^-*nothing brought forward by de Saussure, M. de Hum- 
boldt, in the notes he communicated to me, and M. Cordier, 
proTe a contrary disposition. But I abandon this> point ajs 
jet obscure, in order to throw new light on a position little 
or imperfectly-understood, by determining that of the rock 
or marble celebrated inthe arts by the name of Vert de mer, 
and which I have named Ophicalce yeinee, in iny mineralo- 
gical classification of rocks. 

' This rock, which is well exposed to the E« of the village 
of Ijavezara, appears to form part of a mountain composed 
,of serpentine and steaschist, L e* of the serpentine formation* 
If w^ FecoUect that at Rochetta, beneath the serpentine, 
and immediately above the jasper, we recognised a calcareous 
dUallage rock composed of green talc, whitish petrosilex, 
a little didlage, and red spots that were in a great measure 
calcareous ; that this rock is raoreover traversed by nume- 
rous reins of calcareous spar, and if we compare this diallage 
rock with the Lavezara marble, wo shall find the same 
characters of structure and nearly the same composition, and 
even the same colours, i. e. white spathose limestone, red 
steatite limestone, and green talc. Only here, the lime-- 
stone is most abundant and the felspar appears to be want- 
ing, for I cannot affirm that it actually is so. Perhaps from 
researches that a traveller cannot undertake, it may be dis- 
covered in some parts of this rock. Led by analogy, which 
may, in geology, be regarded as a sure guide, at least in 
the same canton or system of mountains) I do not doubt but 
that the marble or ophicalce vein6e of Lavezara, is a mineral 
logicid modification of the calcareous diallage rock of Ro- 
chetta, and that it has exactly the same position ; conse- 
quently that this rock is, like the diallage rock beneath jthe 
serpentine, and above the jasper and calcareo-sandstone 
formation, and that, far from being a primitive rock, as has 
been said, it belongs to a later formation, that of the 
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» 
Alpine limestone, and probablj more recent than the tran- 
sition rocks mentioned at the commencement of this memoir. 

The hills of Castellamonte and Baldissero, at the foot of 
the eastern side of the Alps, eight leagoes to the N.W. of 
Turin, present the serpentine formation in a state of alter- 
ation that seems to remove it entirely from the rocks I haTe 
just described or mentioned. 

iBut when we do not attach ourselves too much to mine- 
ralogical details ; when we place ourselves as it were at a 
distance, so as to cause these details to disappear, and to 
see the whole together, the serpentine formation is recog- 
nised in these hills with all its essential circumstances* 
Diallage serpentine occurs as the predominant rock, especi- 
ally at Baldissero, but is rarely solid ; it is even extreme!}" 
altered, traversed by a multitude of veins of magnesite (B). 
The diallage rock, instead of being a bed in the midst of, 
or beneath the rock, appears to be disseminated in nodules, 
(d) pure at their centres, but more .and more altered from 
the centre to the surface. 

The jasper is still found, but it passes into homstone ; it 
is yellowish or greenish, and instead of occurring in beds 
extended beneath the diallage rock, it forms nodular veins 
(c), that are irregularly ramified in the midst of the magne- 
sian serpentine. It is not abundant, at least in the places 
I have visited ; but it appears to have been replaced by 
every variety of opal, which is disposed in small irregular 
plates (a), mammilated on the surface, in the midst of 
magnesite veins. Such are the characteristic features of 
these mountains which I have no intention of describing ; 
for, to make them known, more time must be devoted to it 
thfin I have given, and details must be entered into that 
would too much augment the extent of this memoir. 

This formation is only covered by one of rolled rocks (A)/ 
to which I jshall elsewhere retom : this . is an interesting 
poiqt to remark, because it presents the commencement of 
the tertiary rocks (Pediment superieur), that cover so large a 
portion of Italy from Turin to the extremity pf Calabria. 
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Thus the serpeotioe formation is no mote covere4 h&m 
than eteewhere* The rock on which it rests is certainly 
apt seen ; but the analogy of its structure and composition 
with those I have described^ lead me to presume that it be* 
longs to the same epoch of formation, and that it is, like 
theni) posterior to the alpine limestone, snch as I have de»» 
cribed it. 

To these rocks of serpentine that I have visited, I con« 
ttder myself able to add, as referable to the same epoch of 
formation :— * 

The serpentine of the moiintain of Dragnon on the side of 
Sasseto, in eastern Liguria, described by M. Viviani ; it is 
^ near the position of Rochetta, and the characters given 
by this naturalist are so like those of the Rochetta serpen* 
tine, that I have no doubt but that they belong to the same 
formation : 

The serpentine of the mountain of La Gnardla, on the 
N* of Genoa, described by Saussure* I regret not being able 
to visit this position ; for, from the description of Saussure^ 
it would appear, that the jasper is here replaced by red slate, 
and that the • grey alpine limestone^ alternating with marly 
limestone, found immediately under the serpentine, is strati* 
fied unconformably to the calcareous slate, and the blackish 
Umestone traversed by spathose veins, which appears near 
Genoa,^ and near the borders of the sea, and which affords, 
better than all the limestones of this canton, the characters 
of a transition rock. Now this discordance of stratification, 
is, if not a certain, at least a very probable indication of 
different epochs of formation. 

Every thing then coincides in shewing that the serpentine 
formation of the Apennines, far from being beneath the tran* 
sition schists, as some celebrated geologists have imagined ; 
far from belonging to the primordial formation.; far even 
from closely following and being either a last piember of 
thai formation, or one of the most ancient rocks of the tran* 
sition series, as has been said by Messrs Von Buch, Faujas, 
Viviani, Cordier, Cortesi, Brocchi, and perhaps «11 geolo* 
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gists^is^ on the contrary, one of the last rocks of that format 
tion, if even it belongs to it, i. e. if it were wished abso- 
kitelj to comprehend in the transition series the calcareous 
sandstone of the Apennines and -the Alpine limestone, which 
16, as I shall. endeavoar to prove, of the same epoch as that 
of the Apennines, and perhaps even more ancient 



Article IIL 

Determifiation of the epoch to which this Sandy Lintth 
stone immediatelj/ beneath the Serpentine:: belongs* 

It is not sufficient to. have recognised, as clearly as may 
be desired, the order of the superposition of the rocks I 
have above described ; it must now be determined, if possi- 
ble^ to i^hich epoch of formation, i. e. to which of the great 
divisions of rocks comprising the crust of the globe, these 
should be referred, with which we are at present engaged^ 
or at least the lowest of them, for they nearly determine thtt 
age of the others* 

Geologists have generally admitted the three great divi- 
sions which are not vokanic, established by Werner and hia 
numerous disciples : the primitive rocks ; the transitioU 
rocks ; and the secondary or rocks of sediment ; but^the 
latter^ lately studied with more care, have shewn the necea* 
sity of a subdivision, and I consider myself to have been one 
of the first to establish it under the names of inferior, middle, 
and superior sediment rocks, giving each of these groups as 
precise limits as the state of science wo^ld permit* 

I shall neither recall here the motives of these divisions^ 
nor the characters of the formations they contain : these are 
known circumstances, developed in geological works, th6 
details of which would too much lengthen this memoir, I 
shall -content myself by calling to recollection, as a circum- 
stance less known, and what is not perhaps admitted by all 
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geologists^ the limits that I have assigned these ^ilTerent 
sediment formations* 

The inferior sediment formation extends from the last 
transition rocks to the graphite limestone inclnsire. It con- 
tains the coal measures especially, the alpine limestone of 
the German geologists, and* the lias and mountain limestone 
of the English geologists.f 

The middle sediment formation extends from the pre- 
ceding limestone to abo?e the chalk, and principally con- 
tains the compact, whitish, and oolitic limestone of the Jnra, 
and the chalk. It is a very extensive formation, to which I 
shall hereafter have occasion to return in another memoir, j: 

The superior sediment formation, also named tertiary for- 
mation, extends from the chalk exclusively, or from the 
plastic clay and lignites exclosively, to the surface of the 
earth, or rather to the last marine deposits of the ancient 
sea. 

The formation beneath the serpentines may either be re- 
ferred to a tranrftion formation, or the inferior sediment 
formation. MThatever niay be the opinion adopted, a new 
ikct in geology must always be admitted, i. e. a transition 
formation very different by its characters from those gene- 
Adly referred to that series, or serpentines and diallage rocks 
of a new formation, since, in the second hjrpothesis, they 
would be at least posterior to the inferior sediment or Alpine 
formation. 

The first idea that presents itself, that which a justly 
celebrated Italian geologist, M. Brocchi, has entertained 



* I have inserted the word *tpnd^** oonceiving that M. Brongniart 
does not confound the lias and mountain limestone. (Trans.) 

f The inferior sediment formation of the author therefore consists of— 
old red sandstone ? carboniferous, or mountain limestone, millstone grit, 
coal measures, magnesian limestone (Alpine limestone of the Germans), 
saliferous, or new red sandstone, and lias. ^ 

i The middle -sediment formation therefore consists of the oolite for- 
mation, from the inferior oolite upwards, the beds between the oolites 
and chalk, such as the iron sand, weald clay, and green sand, and the 
chalk formation. 
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and published, is, that the recks beneath the serpentines 
belong to the tran»tion series. Geologists who have' had 
Dumeroas opportnitities of seeing and studying these rocks, 
Messrs Yon Bitch, Backland, &c. do not admit this deter- 
mination, and regard them as much more modern. 

I am disposed, notwithstanding the very respectable an- 
thority I have above cited, to place myself on the side of 
the latter geologists^ and espedally M. von Bach, and to 
refer these rocks to the inferior sediment formation, i* e. 
to a formation or collection of rocks which they much more 
resemble in all the characters they present, than those of 
the true transition class. 

It is by comparing the rocks in question with those which 
are admitted by almost all geologists, some as transition 
rocks, others as inferior sediment or alpine rocks,^ that the 
solution of this question may be more surely determined. 

But in order to render the comparison more perfect, the 
characters of the formation beneath the Apenntne serpentine 
must be completed, by examining the rocks in other places 
than those I have mentioned, which,, appearing to me of 
exactly the same formation, and being admitted, as such 
by Italian geologists, present in their structure, in the bodies 
they contain, and in their position, characteristic peculi- 
arities, that the positions of Rochetta, Prato, and even Pie- 
tramala, do not offer in so clear and complete a manner. 

^ 1. lilefdity of the rocks beneath ike serpentines obovt 
described^ with rocks in other parts ej the Apennines. 

The first place I shall notice, because it is not far distant 
froBi those which have fonmed the principal subject of this 
memoir, because I could study it with care, and because it 
presents in a complete manner the rocks composing the 
caicareO'Sandstone formation, in the park (pare) of Doccia 
di Sesto, to the N. of Florence, a village in which is situa- 
ted the porcelain manufactory of the Marquis Ginori. Th« 



*I88 M» Bbonctjiiart on. the position 

jiart of the mountain exposed to the S.W. shews the naked 
rock in many pkices. , Oblique beds are there obsenred, 

1st. Of a fine compact limestone, of a pale ash grey 
.colour, of a conchoidal fracture, traversed by numerous 
calcareous -spathose veins, and completely resembling that 
of Rochetta and Pietramala. 

2ndly. Of a hard and micaceous calcareous sandstone^ 
.traversed by spathose veins, and entirely resembling that of 
^Pietramala, Barigazzo, &c. 

'.3d\y. Of a dull marly argillaceous slate. . 

.These three rocks alternate together, I do not say with- 
out ical order, but without any order as yet understood ; 
there is not as far as this any difference between this for- 
mation and that which is beneath the serpentines at Rochetta 
and Pietramala. The limestone is a rock common to the 
three, points ; the calcareous sandstone, common to Pietra- 
xnala, and Doccia, establishes the resemblance of this latter 
place to Rochetta, where.I have not seen the sandstone, and 
io Barigazzo, where I have not seen the limestone. 
• But, there is here a peculiarity in, this limestone that I 
have not .observed in the, other places, it is the presence of 
liomstone in numerous .nodules, placed in the same line. 
.This peculiarity seems greatly to remove this limestone from 
^at which. is commonly considered as belonging to the tran- 
sition. rocks« 

The high hill of Fiesole, on the N.E. of Florence, form- 
ing, like that of Doccia, part of the first line of the Apen- 
nines on this side. Is celebrated for the numerous quarries 
there. worked, and which furnish the stones employed in all 
the works at Florence. It shews, from about a third of its 
height to the summit, a very solid micaceous ^d calcareous 
sahdstone, ofa greyish, blueish, rand yellowish colour, in 
bedS'Sometimes horizontal, sometimes highly inclined in dif- 
ferent directions, but more particularly towards the north. 
This sandstone, completely resembling that of Doccia, Pie- 
tramala, Barigazzo, &c. alternates with beds^ more or less 
thick, of yellowish micaceous argillaceous slate, and exposes 
fragments of brownish schistose sandstone, which have been 
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sometimes tak^n for portions of vegetables.- Now this rock 
being considered as grey wack^^ ^ by Messrs. Von Bucfa^ 
Brocchi, &c., consequently as a transition rock;' being the 
same as that found in the park of Doccia, two leagues from 
Fiesole, in conformable stratification with the limestone, 
with silex, establishes, upon great presumable^ evidence^ 
notwithstanding the recent appearance given it by the pre* 
sence of silex, that it belongs to the same formatioa as thci 
Fiesole sandstone. 

If in the mountain of Fiesole the limestone is not found 
in place alternating with the sandstone, numerous fragments 
of that rock are found at the foot of the mountain, indicating 
that it is not distant. 

If we afterwards proceed to the other side of the valley 
ctf Ombrene, on the hill of Seravalle, a short distance West 
from' Pistoia, a' smoke-grey compact limestone is found, 
traversed by spathose veins resembling that of Doccia, 
Rochetta, and Pietramala; this limeBtone moreover contains 
small veins of spathose iron; it alternates with a brown 
marly limestone, schistose, but solid, just shewing some 
spangles of mica, in this resembling that of Rochetta, and 
with hard micaceous calcareous sandstones, and yellowish 
spangled clay slates, resembling those of Doccia, and only 
differing from those of Fiesole by the small thickness of the 
bed. 

Lower down, i. e. still more west, and towards the' sea, 
between Lucca and Massa-Rosa, above a yery different 
limestone from the preceding, and of which, for that reason, 
I ought not to speak, beds of compact iimestonq are foundj 
whitish or slightly yellowish grey, but fine grained, with a 
scaly fracture, traversed by spathose calcareous^ veins, and 
resembling, by these characters and nearly by the shade of 
its colour, those of Rochetta, Pietramala, Seravalle, and 
Doccia, and containing, like the last, hornstone in thiir 
seams or nodules disposed in the same Hue. These circum* 
stances already make it presumable, if even they do uot 
entirely prove, that the limestone with silex is of thfe same 
formation as the calcareous sandstones, the dull argillaceous^ 
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tlfttes^ the tnioke-grejr contact limestoBes, &c. and that it 
19 consequdDtly inferior, like all these rocks, to the serpen- 
tkle formation. 

I might multiplj citations and eonsequently resemblances ; 
hot thode that I shonld add not affording any thing more 
strikilig than the preceding, I conceive that I hove saf* 
ficiently madd these rocks known, to be able now to edmpare 
tb»m with those generally noticed ; some under the name of 
transition rocks, others by those of Alpine limestone or 
inferior sediment rocks. 



§ II. Comparison of these rocks mtk the transition rocks 

most generally admitted as such. 

If in the first place we compare the rocks we have de- 
scribed with those that almost all geologists refer to the 
transition epoch, we shall find but yery little resemblance 
between them. 

We in fact see in the Apennine formations greyish rocks 
of pnre compact limestone, but without any crystalline 
appearaiice in its paste, passing on the contrary to the schis- 
tose texture and marly state ; sometimes arenaceous and 
micaceous rocks, always calcariferons and nearly marly, not 
containing any organic remains resembling those that are 
admitted to be found in the transition rocks, being very 
regularly stratified and often nearly horizontal, containing 
homstone either in their mass^ or in the rocks which occur 
with them in parallel and continuous stratification ; not con- 
taining, in the numerous places where I have been able to 
observe them beneath the serpentines, any of the metals so 
common in the transition rocks, &c. 

What relation, I say, can be found between these rocks 
and the transition formations of argillaceous schists, pure 
spangled clay slates, i. e. not calcareous, containing schis- 
tose jaspers and al ominous slate, alternating with the black 
sublamellar limestones almost always fetid, containing lead 
and zinc ores, anthracite, &c. and which is seen in £ngland 
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in the enYirons of Bristol^* in Wales^ at AltenUrad [Allen* 
heads] in Nortbumberlaad, &c.witb those of Norway des^ 
pribed by M« von Bach, which are so well crystallised that 
one. would be inclined to refer them to the primitive class, 
if the black limestones and aluiniiKnis slate, containing or- 
^nic remains, did not form part of them* 

If the granular sandstones of Claosthal bear, at first sight, 
some resemblance to certiun sandstones of the Apennines, thej 
differ from them much more by the presence of felspathic 
grains, to which they in part owe their granular .stmcture, 
by numerous metallic and calcareous spathose veins whicih 
traverse them ; and yet none of the sandstones or slates of 
the Hartz are calcareous, nor the argillaceous schist of 
N'agenthal near Altenau, nor the i^pangled yellowish argil« 
laceous slate of Schalk neftr Sohulenberg, which contains so 
many remains of entjrochi, nor that of Rammelsberg, finally 
none of those in the Hartz which I have tried, effervesce ^ 
all the 'sandstone rocks of the Apennines are, on the con^ 
trary, very effervescent. 

What I have said of the Hartz applies to the transition 
formations of Saxony, which, from their aspect, perhaps dif- 
fer still more than these frpm the calcareo-sandstones of the 
Apennirtes* 

The sublamellar black limestones of the environs of 
Namur, Mobs,*!- &c* which all geologists refer to the ancient 
transition formation, have not any resemblance to the grey 
compact limestones of the Apennines. 

The transition rocks which I have seen in .France at 
Montchatou near Ckmtances, and which sufficiently resemble 

* The author i«r in error with regard to the Bristol limestone, which 
is the medial or carboniferous limestone, and not the submedial or tran-. 
sition. The Northumberland is most probably the same $ as may also 
the limestone the aiithor mentions in Wales, at least if he means that 
most abundant in South Wales: foreign geologists generally refer this 
rock to the transition series,, the limestone of which it certainly more 
resembles than that of the secondary. [Translator.] 

f This limestone iA also analogous to our carboniferous or mountain 
limestone. [ Translator. ] 
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those of Bristol ;* those of the enfirons of Cherbourg, which 
I have described, and which are composed of yellowish and 
not effervescent argillaceous slate^ claj slate, aluminooff 
slate, felspathic and granitic rocks, &c. those of the enyiron^ 
of Angers, which prinoipallj consist of a spangled clay 
slate, containing oiganic remains^, but not efferrescent; all 
these rocks, I say, compared with the calcareo-sandstones 
of the Apennines, present numeroos and striking differences> 
Even in the Pyrenees, the black spangled slates with' 
fegetable* impressions, and the brownish and micaceous 
schistose sandstones of the port of Gaverneo, which some 
gteologists refer to the transition series,, possess an exterior 
airpect, a colour, a general disposition which distinguishes 
the arenaceous and slaty rocks of the Apennines ; and what 
is still more remarkable is, that in the Pyrenees, notwith- 
standing the vicinity of these rocks and the calcareous for- 
mation, none of them effervesce, whilst all those of the 
Ajpenninesthat may be compared tp them are milled with 
carbonate of lime. 

' If we draw nearer the countries which contain the sub- 
ject of our obsenrations, taking as an object of compari- 
son the Tarentaise in the chain of the Alps, a transition 
country rendered classic by the learned description M. Bro-^ 
chant has given of it, we find, notwithstanding the prox- 
imity of the places, but very few points of resemblance^ 
The general mass of rocks in the Tarentaise is crystallised 
or granular ; the striped schist of la Magdeleine, the base of 
which is compact, is traversed by crystalline limestone in 
every direction } the only limestone of a compact appearance 
there noticed, is tfiat of the Bpnhomme, which, by its 
yellowish white colour, by the fineness of its grain, which 
renders it almost translucent, by the remarkable presence of 
felspar and quartz, and in the disseminated crystals it con- 
tains, is Considerably removed from the compact limestone 
that is seen beneath the serpentines in the parts of the Apen- 

^ It h&8 been stated in a former note that the Bristol rocks do not 
belong to the submedial or transition class. [Translator. J ; 
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nines I have described. In the last formation, on the con^ 
trarj, the general mass of the rocks is compact, sedimen- 
tai (sedimenteuse), even arenaceous ; and^ whoever has seen 
both, will have perceived that the real and apparent differ- 
ences are immense. M* Brochant sajs that the transition 
rocks of the Tarentaise oaght to be regarded as the most 
ancient of that class ; we assert that if the calcareo-sand^ 
stone of the Apennines is referred to the transition for** 
mation, it ought to be placed among the most recent of 
that class. 

I 

These subjects of comparison appear to me sufficient io 
establish the difference between the calcareo-sand stone rocks, 
(which, in the part of the Apennines I have described, are 
beneath the diallage rocks), and the ancient transition rocks, 
and consequently those only which may be regarded as be« 
longing to a very distinct epoch. 

If the same rocks are now compared with those I have 
mentioned under the name of inferior sediment rocks, and 
which are, commonly called secondary Alpine rocks, we 
shall find many points of resemblance notwithstanding the 
differences still presented. I shall confine myself to giving 
as examples the rocks that I have had occasion to visit, and 
which, ' as much by the exact comparison which I have been 
enabled to make, as according to the general opinion of the 
most distinguished geologists, may with certainty be referred 
to the true Alpine formation. 

§ III. Comparison of the rocks beneath the Serpentines with 
the inferior sediment rocks termed-Alpine, 

t shall take my first example on the southerti side of the 
Alps, and 6n the shore of the lake of Como, from the town 
of Como to Nobialla, towards the middle of th6 lake and 
even a little beyond* 

The rocks that border this lake, especially on the western 
bank, are, towards the base of the hills, a more or less 
bituminous blackish limestone in numerous beds, generally 

N 
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of small size, sometimes even thin eDoagli to serve as the 
covering of a house instead of slates, alternating with black- 
ish 'calcareous schist, and traversed by spathose carbonate of 
lime perpendicular to the Assures of stratification. These 
beds, though inclined in all directions, though contorted in 
every kind of manner, indicate a general rising towards the 
N.E., i. ei towards the primordial mountains, found at 
Bellano ^nd Rezzonicb. 

Here there is a rock which, according to many geologists, 
presents very many of the characters attributed to the tran- 
sition rocks ; and, if it is added, that near the village named 
la Cadenabbia, I have observed in it sulphuret of zinc and 
madrepores, as in the limestone of Namur, Bristol, &c. 
I shall have nearly completed the characters of transition 
limestone. 

But if, on the other hand, I add that this same rock con- 
tains a great number of fossil shells, such as ammonites, and 
especially turbines and bivalves resembling isocardise, all 
shells in too bad preservation to be determinable, that nei- 
ther entrochi, nor orthoceratites are seen in it, many geolo- 
gists would no longer admit it among these ancient rocks, 
which, according to them, do not contain any of the organic 
bodies I have mentioned. 

Now, if even these rocks, which offer the characters of the 
transition formation much more decidedly than the sandy 
limestones of the Apennines, cannot with certainty be re- 
ferred to it, ought not the latter to be attached to a still 
more recent epoch ? 

I should have a much greater number of examples on the 
northern end north-west side of the Alps. I shall content 
myself with mentioning three : 

1. The Gemmi above the baths of Leuk, in the Valais, 
and that portion of the Alps that extends from this moun- 
tain to that of Pillon, or to the commencement of the Yal 
d'Ormond, and which comprises the origin of the transverse 
Talleys of Kander, Adelboden, Anderlenk^ and Gsteig. 
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> 

These iiioi;ntain$ fH-e^nt, like those <m the banks of the 
lake of CoBo, t^^io beds, extrei^ely nqmerous, highlj in* 
clioed, often sinuous^ eveii contorted -and twisted in everjr 
direction, but also often nearly horizontal ; the rocks com- 
posing them vary but little : the principal or predominant 
are : 

Ist^ A fissile compact limestone, of a broi^n, and almost 
black colour, passing into calcareous schist, and traversed 
by veins pf spathose carbonate of lime mixed with quartz. 

2dly. A shining calcareous schist, black, and as it were 
plastered with brown or greyib^h anthracite, and passing into 
spangled argillaceous schist. 

3dly. A compact blackish limestone, containing greyish 
siliceous or sandy portions, sometimes in modules disposed in 
the same line, aometio^es }n zones (descending i4tp the vallej 
of Wender-Eck), a^d passing into calcareous sandstone, .eyen 
into quarlztte (about Frutigep). 

4thly. Spangled and bl^cki^h marly argillaceous schists. 

I do not spQak of the gypsum which occurs interposed, 
which is first seen at the Moserberg, and wMch, according 
to M. de Ctuirpentier, continues to Bex and its environs. 
This circunistance, tha4: does npt occu;r every where, does 
not detract from the resemblance of the rest of the formation 
with that of the Apennines, and the examination I should 
make of it, would lead me too far from my subject. It will 
be remarked that all h?re is sandy and micaceous Ijmestpne, 
as in the Apennines, that the colours are there not deep, b^t 
that the compact rocks of an earthy and arenaceous appear- 
ance that compose its numerous strata, separate them so 
much from the other transition rocks mentioned above, that 
the greater number of geologists have considered them as of 
a more recent formation, or at least very different, and have 
assigned them the name of Alpine limestone, or formation. 

If to these characters I add that fossil shells are found in 
it, though very rarely ; that I have nevertheless found the 
impression of an ammonite or nautUus, geologists who will 

K 2 
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Hot admit this shell in the transition rocks,* will find in this^ 
fact another argument for separating the Alpine rocks of 
Oberland from the tme transition rocks« 

II. The mountun of Fis, to the N.E. of Serf oz, in the 
valley of Sallanche* 

It presents numerous and nearly horizontal strata, and 
the following rdcks may be noticed as predominant and 
characteristic : 

Ist. Schistose rocks, ?ery numerous, ?ery little varied, 
mixed with mica, having the shining aspect of shining pri- 
inordiiCl schist, but differing essentially from it by the great 
quantity of carbonate of lime they contun ; 

2dly. A compact fine limestone, of a smoke-grey colour, 
with a scaly fracture, absolutely resembling that of Rochetta, 
and traversed like it by veins of spatbose carbonate of lime. 

Sdly. filack calcareous schists, or dull argillaceous and 
non-calcareous schists, which resemble those of the banks 
of the lake of Como and the northern side of the Gemmi, 
'and which contain like them ammonites, rare, certainly, but 
which appear to be all of the same species, as far at least as 
their state of preservation permits us to judge.'!' 

III. The third example that I might bring forward, will 
be taken from the calcareous mountains of the environs of 
Claris, from the valley of the Linth to Pantenbruck, and 
even Mont Doedi. Not only do these mountains present the 
aame brownish and blackish limestone, the same calcareous 
schist, the same spangled argillaceous slates as those I have 
remarked in the preceding Alpine mountains; but these 
rocks, which are blacker, more solid, and more sublamellar, 
possess still more of the characters attributed to transition 

* It cannot however be denied, since M. Brochant has remarked, 
described, and figured a shell of this kind found in the marble named 
breche tarentaise, which forms part of the best characterised transition 
rocks. 

f Care must be taken not to refer the fossil shells found on the northern 
side of the summit of the Montiigne des Fis to this rock. They belong, 
as I shall perhaps have occasion to state elsewhere, to a formation alto- 
gether different 
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rocks, yet' thej are stiU more than them considered as he^ 
longing to the Alpine or inferior sediment .formation; and 
we there find, as in the preceding moaatains, . in the jnjdst 
of a dull marljr argillaceous slate, which appears almost 
homog^ieons, which is black like the slate of Claris, which, 
fEur from restk^ on the beds, forms part of it; we there find 
ammonites of the same species of that of the lake of Como. 

The specimen I possess comes certainly from the^ Q^lca-' 
reous schist of OberhasU, a canton geographically different 
from that of Glaris, bat geologically the same: for that 
CQuntry forms part of the calcareous chain which contains 
the Eigerhom, and Mont Doedi ; the rock moreover that en- 
velopes this ammonite entirely resembles the numerous marly 
argillaceous slates, or black calcareous slates of the n^oun- 
tains which have served me as examples ; but as I shall pro?^' 
bably have occasion to return to these mountains, in a npte 
on the position of the fossil fish of this valley, I consider it 
sufficient to notice this part of the Alps in the number of 
rocks that may be compared with the calcarep-sapdstone, 
jocks of the Apepnines. The calcareo-sandstene forma* 
tions, essentially composed of compact smoke grey limestone, 
with spathose veins, of schistose marly limestone, of calca^ 
reous and micaceous sandstone, which) in part of the Apenif 
nines, are situated immediately beneath the serpentine for- 
mation, appear to me very different by their mineralogical 
characters, and their epoch of formation, from the ancient 
transition rocks, generally admitted as such, and which I 
have (Cited at the commepcement of this (coipparispa* 

They even appear to me' to possess more the characters of 
sediment, and to indicate a formation still more recent than 
the Alpine rocks I have just mentioned, and which are com- 
posed of brownish limestpop, and micaceous argillaceous 
slates, sometimes containing organic remains, and generally 
described under the name of Alpine of inferior sedimeilt 
rocks. 
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Abtigle IY. 

Opinions of Geologists on the position of the Serpen' 

tines and Diallage rotks. 

I have said that the greater {mrt*, and pdrhi^ps tflt^n all 
geologists hav^ en'tertalu^d, and eren ]^iibllsh(ed^ <m the 
epoch o¥ 'the oc^arrence of serpentine, fui i^ptnion which 
appears to refei* this rock to an epoch of forltiAtlott much 
more anctent than the o^ervaUohs I bare made bn the 
Apennines appear to tittiihute to it. I shall mot nndert^e 
fb t)ring forward their opiaiott^, that Wotild he to repeat 
what is contained in the greater part t>ir geological rocks; 
yet I ckn!not entirety pass -them in sifeace^ hecanse some 
Bght inay result firom an esamiination of these opinions, 
which may lead us to a more precise distinction of the 
different serpentine rocks. 

It is known that the geologists of Werner's iichool distin- 
gnfish, with this father of geo^ndsy, two formations of ser- 
pentine ; the one, according to them, beloaging to the pri^ 
tnitive class, contains noble serpentine, gramilar ophicalce 
(ophicalce grenii), steachist, &c. and alternates with 
crystalline limestone, &c. ; the o'ther, which they refer to 
the last members or rocks df Ae pHthitive series, contt^ns 
common serpentine. 

All agree that the distiiictiim of these two formations is 
difficult to establish, and consequently to recognise clearly. 
Now, by refering the serpentine rocks of the Apennines, 
which I have described, to the second formation, they are 
seen to be in a position that attaches them to an epoch miich 
tnore recent than that of the last primitive rocks, or argil- 
laceous transition slates. The opinion of the Italian geo- 
logists and thoSe who have spoken of the geology of the 
Apennines, ought first and principally to occupy me. 
Messrs Viviani and Cordier have visited the environs of 
Rochetta, the mountain of Montenero to the E. of that vil- 
lage, and the situations of the manganese, the umber earth, 
the jasper, and diallage rock which it contains. 
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M* Viviani,* in 1807, when doscribipg the m^uiHftifi of 
Dragoon and that of Montenero, g^ves very exact details on 
the structure and nature of the diallage serpentine, the c^- 
careous diallage rooks, and the jasper compostog it ; but 
he does not speak of their relative position, and regards di- 
allage rock as primitive. This opinion was then so deeply 
rooted, that having remarked a serpen tiiie crust whi^h ki 
some places covered the argillaceous ground ol, the ^th^ni 
slope of Montenero, he supposes that this iQ.ountaia was 
formerly, and on this side, in contact with that of serpeii- 
tine (p. 16)]^ and M. Brocchi is disposed to adn^t this ex- 
planation* 

M. Cordier, who visited this same mountain in 1809, ajad 
who has given the mineralogtcal and statistical account of 
the department of the Apei|Qines,f having more attached 
himself to the technical part than geological consifleratiosm, 
has described the Montenero, the serpentines, the diallage 
rocks (under the name of granite de diallage), the jaspers, 
the manganese and brown ochre they contain, without c^ 
plicitly speaking of the geological relations of these r9cks 
with the sandy limestone of the Apennines. 

He refers the diallage rock And all its varieties, the con\- 
mon schistose and dlailagic serpentine, and the steaschist 
to the primary class ; and the secondary class, the jaspers, 
the limestones, the marly schists, and blackish and calca- 
reous slates worked at Lavagna, which afford a new proof of 
the alternation of the micaceous calcareo-sandstones with 
calcareo-argillaceous slates, marly schists, and limestone^ ; 
he also refers to it the grey and blackish compact limestones, 
with spathose veins, and even the marble named portor^ of 
Porto-Venere. 

It was especially necessary for me to study the works, obt 
servations, and opinions of M. Brocchi, the geologist, who 
has, of late, given the best exposition of tfie structure of the 
Apennines. I fully appreciate the advantage I have had. of 
conversing with him on the subject of this memoir, and I do 

* Travels on the Apennines of Liguria, Genoa, 1807. 
f Journal des Mines, No. 176, August, 1811. 
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not quote him solely for the purpose of compliment, bat as 
an anthoritj on which I depend, to give more force to the 
general conclosions I draw from my observations. 

M. Brocchi * in the first place establishes, that the rocks 
which I have described under the names of schistose mica- 
ceous sandstone, and spangled argillaceous slate (phyllade 
paillett^), and which he names tnadgnoj are not argillaceous 
schists ; he refers them to greywacke, and he admits vege- 
table remains in it, at many points, as at Fiesole, Sestola, &c. 
but never marine shells, at least in that of Tuscany. 

He refers this rock, th^ smoke grey compact limestone 
with a scaly fracture, &c. and the calcareous sandstone of 
the environs of Florence, named pteira-fortey to the transi- 
tion class, yet notices an ammonite in it. He does not give 
these limestones the name of Apennine limestone ; but he 
applies this name to a homogenous white limestone, con- 
taining chert (des silex), often blending its characters with 
the Jura limestone, but which differs from it by the fineness 
of its' grain, &c. 

He considers the serpentine as the primitive rock most 
* generally spread over the Apennines of Eastern Liguria, 
where, he says, it is covered by transition limestone, argil- 
laceous schist, greywacke, &c: and he cites Spezia, Monte- 
Cerboli,+ and even the black transition limestone at Pian- 
del-Monte. It is accompanied by jasper at Fiegline near 
Prato (it is that of Monte Ferrato described above) ; he 
conjectures that the jasper forms part of the general ground, 
posterior to the serpentme, and even formed long after it. j: 
He states the opinion of M. Bardi on the position of the 
jasper beneath the serpentine of Monte-Ferrato ; but se- 
. duced by the generally received idea, that the serpentine is 
of primitive formation, he desires him to assure himself of 

* Conchiologia fossile subftpennina con osservazioni geologiche tuglj 
Apennini e sul suolo adjacente. Milano, 1814. 
f Tome 1. p. 36. 
} Ibid. p. 49. 
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the fact ; * he sajs he has seen^ in the same place, the jasper 
resting on the limestone^ &c. 

M. Cortesi f conceives that the serpentine of the Apen- 
nines belongs to the transition series, and considers it, as do 
all geologists, to be beneath the lioiestone of the Apennines^ 
and on seeing it rise above this rock, he, with them, supposes 
that it pierces through the limestone formation with which 
it is covered at Gropallo, near the torrent of Nure, in the 
Parmesan states.]; 

He places the sandstone (arenarla) beneath the limestone, 
considering it as the most ancient of the stratified rocks of 
the Apennines. 

M. von Buch has said, in his travels in Norway (vol. 1. 
p. 476, French trans.) and in his memoir on Gabbro, that 
diallage rock is one of the most recent of the primitive class, 
and that this rock and serpentine are plated between primi- 
tive argillaceous schist and clay slate, and he cites Genoa, 
where, he says, the serpentine is beneath the argillaceous 
slate. He also cites Chiavari near Sesti, and Lavagna, the 
'environs of Spezia, Prato near Florence, &g. 

In the section of the Apennines from Bologna tp Florence, 

* This opiii^oii is so general, that lam disposed to si^spectthatin many 
/countries, even in Italy, there are two formations of serpentine rocks, 
not because in the environs of Grenoa, as well on the north of that town 
as on the coast, the rocks with a serpentine base rest immediately on 
transition calcareous schists, which only proves that the calcareo-sand^ 
stone formation is wanting at that place ; but because the greater num- 
ber of Italian geologists admit them. M. Brocchi especially states in his 
memoir on the promontory of Argentaf o and the Isle of Giglio : '' that 
serpentine, very common throughout all the Siennois, occurs, as at the 
promontory of Argentaro, at the lowest part, i. e. beneath the argilla- 
ceous schist, the siliceo-calcareous breccia, the greywacke and limestone, 
that it consequently is the most ancient, and ought to btHong to the 
primi^^e formation or most ancient transition period.*' At Falda-dello- 
Scalandrino, it is seen, he ^ays, covered by the limestone that forms the 
summit of the mountain. (Bibliol: ital: 1818, tome xi. p> 76, 237, & 
856). 

f Saggi geologic! degU stati di Parma e Piacenza. I vol. 4to. Pia- 
jsensa, 1819. 

} Ibid. p. 91, & 127. 
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made by tbit ^e^Iogtst, and which waas coauBanicated iq MS. 
to me, he has noticed serpentine in the en? irons of Fietra- 
maht and Cprigiiano ; bat he gives no information respect- 
ing its position. 

I have stated, when speaking of the position of Monte- 
Ferrato, what M. Bardi has said, and I* have cited Messrs 
Fanjas, Viviani, Mojon, and ^oliand, wh«i mentioning the 
serpentines of Monjte-Ramazzo. > 

M. Marzari Peoeati, in a notice he has pnblbh'ed in the 
jonmal entitled, th« Venetian Observer, for September and 
Octoberi 1820, on the superposition and discordant mode of 
occurrence of granite on a secondary lijnestoue, says a few 
words on serpentines. He notices a serpentinid vein traversing 
the Alpine limestone at Canzocoli, and between Foma and 
Predazzo, in the valley of Avizio. He speaks of the passage 
of what he calls tertiary granite of three substances into ser- 
pentine rock. I feel much flattered at still finding myself 
' of the same opinion with M* Marzari on this point. The 
diallage rock, named granitone by the Italian geologists, 
called diallage granite by M. Cordier, a perfectly crystalline 
rock, which possesses no volcanic character, which contains 
many of the elements of granites, occurring on a formation 
as recent as that i have described, disposes one to admit with 
less difficulty, the position of true granite on these same 
rocks. I have seen this granite at M. Mazari's, and it ap- 
pears to me altogether like that of Cherbourg. 

But there are two naturalists less read, even anterior to all 

- those I have cited, who have perceived this fact. — The first 

is Ferber, who says, that there are reasons for believing 

that the gabbro (serpentine) of the Imprunetta is placed on 

a limestone rock That it is a gre^ compact Umestohe^ 

containing nodules of pi/rites. The state of science at the 
time in which he wrote (1772), did not allow him to draw 
any general conclusion from this observation. 

The second is M. Palassou, that naturalist of Pau, who 
pursued to the end of a long life labours that evinced great 
activity, patience, and information. He had observed in the 
Pyrenees a rock, the characters, determination,' and position 
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of which had perpetually occapied him, and to which he hus 
given the name of ophite. The ophite of M. Palassou is a 
greenstone (diabase), but it is an ill characterized green- 
stone, on one side passing into hcM'hblende rock (amphibo- 
lite)| in another into trappite (trappite), and in another into 
serpentine, as he observes, and as I have myself seen on tiie 
spot, at Pouzac, near Bagn^res ; this rock, which in every 
respect resembles that of Pietramala, rests like it on lime- 
stone, which M. Palassou refers to the secondary limestones. 
Here then at the foot of the Pyrenees, as at the summit of 
the Apennines, at a distance of more than two hundred 
leagues, is the same rock formation by crystallization, afford- 
ing nearly the same modifications, situated in both places on 
a limestone of sediment. This fact surprizes us less novT 
that it begins to become common ; hut it required, at the 
time M. Palassou remarked .it, a good method of observa- 
tion to see it, and some courage to declare it. 

Geologists who have published general works have all 
thrown out the same opinion : it is found in Reuss, and all 
the English and German disciples of the Wernerian school. 
We shall confine ourselves to citing the most modern, those 
whose iforks have just, appeared. 

M. Breislak* considers, as. do all the geologists he men- 
tions, Messrs Cordier, Brocchi, Faujus, Viviaai, &c. the 
rocks of serpentine as belonging to the last chains of primi- 
tive rocks, and ^either cites in Italy nor elsewhere any ex- 
amples of serpentine rocks of more modern formation* 

M. Daubuisson, while admitting with geogolists of the 
Wernerian school two formations of serpentine, and referring 
the second to the transition epoch, does, not find clear and 
authentic examples to give for establishing the epoch of for- 
mation of the last; he also regards diallage rock as belong- 
ing to the last term of the primitive series.f 

M. de Bonnard, in his article Terrain of the Dictionnaire 
d'histoii« naturelle, establishes, with all geologists, t\^i> for- 
mations of serpentine rocks ; he refers the first, composed 
of diallage rock and serpentine often calcariferous, and in 

♦ Institutions geologiques, 1818, t 1. ^ 276. 
+ Elemeus de Geologic, 1820, t. ii. p. 160 & 170. 
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that case it is grannlar Hmestqne, to the primordial rocks^ 
and the second more compact, &c. to the laSt periods of that 
formation ; he also cites the serpentines and diaHage rocks 
of the Apennines, as dipping beneath the most ancient inter- 
mediate rocks. He premises that there exists mnch uncer- 
tainty and obseuritjr on the position of the two serpentine 
formations* 

There apparently results from the facts and resemblances 
presented in this memoir : 

1st. A tolerably exact knowledge of the relations of the 
serpentiae and diallage rock with the jasper. 

2dly. A precise determination of the rocks on which the 
preceding are immediately placed. 

3dly. Numerous and authentic examples of the existence 
of serpentine and jasper rocks above a limestone of sedi- 
ment, and aboYO sandy and micaceous rocks of aggregation. 

4thly. Direct proofs that the terpentine rocks of Ro- 
chetta, la Spezia, of Prato, of Pietramala, of Imprunetta, of 
the Volterranais^ ought to be regarded as- of posterior forma- 
matioA to the rocks of sediment and aggregation, and strong 
presumptions, drawn from analogy, that the serpentine 
rocks of la Guardia^ of Monte-Ramazzo, of the. Bocchetta, 
&c. in the Apennines ; of Musinet, Baldisserb, and Castel- 
lamonte, at the foot of the Alps, and that even the rocks of 
serpentine greenstone (diabase ophiteux) of the Pyrenees, 
ought to be referred to this same formation. 
' 5thly. Lastly, that rocks analogous to granites by their 
crystalline structure, again spreading over the surface of the 
globe after the existence of organic bodies, have covered 
rocks of sediment and aggregation containing the debris of 
^hese bodies* 

This fact occurring with the same circumstances in very 
jdistant places, there is reason for believing that it has been 
as general as the most part of geological phenomena re- 
lating to the regular succession and sensible parallelism of 
the beds of the globe. 
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EXPLANATION OF PLATES V & VL 

Plate V. Fig. 1 and 2. 

Natural section of the two sides of the yalley of Cra- 
vignola, near Rocketta, 15 kilometres [above 11 miles] 
to the N. of Borghetto, to t)ie north of the galf of Spezia* 

Fig. 1. Right bank of the torrent. 

Fig. 2. Left btok of the torrent, or base of Montenero, 
an escarpment opposite that of the right bank; 

A. Green diallage serpentine. 

B. Diallage rocks. 

. a. Serpentine diallage rock. 
b. Calcariferous reddish diallage rock. 

C. Reddish jasper mixed with greenish zones. 

D. Smoke grey fine compact limestone, with spathose 
limestone veins. 

E. Greyish marly schist. 

Fig. 3. Section of a part of Monte Ferrato, near Prato 
di Sesto, to the N.W. of Florence. 

A. Diallage serpentine. 

B. Diallage serpentine passing into altered diallage 
rock. 

C. Reddish and yellowish jasper. 

D. Smoke grey compact fine limestone, in scattered 
blocks. 

Fig. 4. Figure shewing the escarpment which is seen 
to the W. of the road after Pietramala, going from Bolog- 
na to Florence, between Maschere and Covigliaoo. 

A. Hornblende serpentine. 

B. Hornblende diallage rock and amygdaloidal dial- 
lage rock (euphotide variolitique). 

C. Reddish jasper mixed with greenish zones. 

D. Smoke grey fine compact limestone, with spathose 
veins* 

£• Hard compact sandstone, and schistose. sandstone. 
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Plate VI. 

Fig. 1. 2. 3. Disposition of the serpen tines, compact 
limestone, and dull micaceous argillaceous slate, observed 
at different points going from Poggio del Gabbro at the S* 
of Volterra, at the Lagonis of Monte C^rboii. 

These sections are theoretical, i. e. that they are not 
the exact representation of the rocks observed, but only 
the graphic indication of the disposition of the rocks, such 
as it appears oaght to result from the points observed at 
different distances, brought nearer in the figure, and 
placed in the relations which it is thought may be recog- 
nised between these different rocks. 

Fig. 1. Hill named Poggio del Gabbro. 
' C. Fragments of jasper on the northern side of the 
hill. 

D & E. Smoke grey compact limestone and marly 
schist, dipping beneath the serpentine A. 

G. Gypsum which apparenly rests on the serpentine. 

H. Clay alternating with the gypsum. 

P. Siliceous conglomerate in an unconformable po- 
sition. 

Fig. 3. Descent towards the village of Monte-Cerboli. 

B. Ill determined serpentine, mixed with diallage 
rock. 

D & E. Smoke grey compact limestone, dipping be- 
neath the rocks. 

Fig. 3. Graphic indication of the disposition of the 
Lagonis, and the aqueous vapours in the valley at the foot 
of the hill of Monte-Cerboli. 

D. Smoke grey compact limestone, &c. in highly in- 
clined and much broken beds, in the southern portion, 
leading to Castel-Nuovo. 

d. Indication of the debris and fallen calcareous masses 
towards the valley of the Lagonis. 

M. A mass without structure of soft clay, of marly 
schist, of calcareous blocks and fragments, composing the 
bottom of the depression in the form of a basin, from which 
aqueous and sulphureous vapours rise up with violence. 
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Plate VI. 

L. Lagonis properly so called, or small lakes of muddy 
and hot water, that traverse with impetuosity and violence 
the aqueous and sulphureous vapours containing boracic 
acid. 

Fig. 4. Disposition of magnesite in the natural section 
of the hill of Castellamonte, near Turin. 

A. Diluvium or alluvium (Terrain de transport) com- 
posed of rolled pebbles in its upper part, and of reddish 
sand in lower portion. 

B. Mass of pale green disintegrated serpentine, in 
which veins of magnesite wind and inosculate. 

a. a. a. Veins of magnesite. 

b. Chalcedony in mammilated plates, &c. in the midst 
of some of these veins. 

c. Veins of green concretioned homstone. 

d. Nodules or blocks of brownish green felspathic 
serpentine, scarcely altered in the centre, and decomposing 
in concentric layers. 
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On Fossil Vegetables traversing the beds of the 
Coal Measures : by Alex. Bronqniart, 
Member of the Royal Academy of Sciences, 

April, 1821. 
(Annales des Mines, for 1881.) 



THE presence of organic remains in the midst of the solid 
and deep beds of the crust of the globe is, in the natural 
history of the earth, one of the circumstances most woithy 
of stimulating the curiosity and attracting the attention of 
observers. 

These remains of ancient worlds, often* so numerous and 
80 little altered in their form or structure, though entirely 
changed in nature, seem to have been so well preserved 
solely in order to furnish us with the only documents we 
could ever obtain on the natural history of these different 
periods : they are as it were scattered phrases of that his- 
tory. The more we collect them together, the more we may 
hope to establish, if not entirely, at least in its principal 
parts. The fact I am about to bring forward is not new ; 
but the examples of this fact are still rare. It is besides so 
remarkable, so important for the theory of the formation of 
one of the rocks most interesting in every point of view, 
that too many examples cannot be collected. 

That which is the subject of this notice is one of the most 
complete, the clearest and easiest to prove ; it will there- 
fore be one of the most authentic. I shall in this publica- 
tion have DO other merit, than that of having described and 



Vegeiabks in Coal Measures. 809 

figured^ and consequently of having inscribed on the regis- 
ters of science, a fact which Messrs Beaunier and de Galiois^ 
Engineers of the mines of the department of the Loire, have, 
shewn me. 

It was long since known that coal deposites are accom- 
panied by a great quantity of vegetable remains ; it has alsa 
long since been remarked that vegetables resembling our 
ferns, and stems which do not exactly resemble that of any 
known plant, are most abundant in this formation ; but it is 
not long since that it has been remarked that the entire 
system of these vegetable remains is different from the entire 
system of the same kingdom found in the more recent beds 
of the globe ; lastly, but few years have elapsed since it has 
been recognised that these vegetable remains were not al- 
ways extended between the fissures or on the surface of the 
beds, and parallel to their stratification, but that they in 
some places cut them, that they traversed them in many, 
that they were even perpendicular to them, and lastly, that 
they sometimes occurred in the vertical position in which 
vegetables usually grow. 

If these ideas had been more generally spread, if the facts 
which they establish had*not been considered as .exceptions 
owing to chance, theories would not have been proposed, 
even lately, on the formation of coal, which are in evident 
contradiction with th^se facts. 

The vertical stems we are about to describe, have already 
been mentioned by M. de Gallois ; they occur in the most 
distinct manner at the mine named du Treuil, at a 1000 
metres [3076 feet] to the N. of St. Etienne, department of 
the Loire, 

The coal formation offers in this place two circum- 
stances, which are rare, but very favourable for observation ; 
it occurs in beds evidently' horizontal, and situated in such a 
manner, that it can be worked in open day, and as a quarry^ 
so that it has furnished us with a very uncommon opportu- 
nity in this kind of formation, of observing a natural and 
complete section of the different rocks and minerals com- 
posing it, and. of being able to represent them with a clear* 

o 
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nesss and extent that subterranean workings tan never offer* 
This natural section of the formation is not only interest- 
ing from the circumstance of the fossil vegetables that form 
the principal object of this notice ; but also for the presence 
of compact carbonate of iron ore, which fso constantly ac- 
companies the coal, and which wiU soon become in France, 
as it has long since been in England, the object of great re- 
search, and a species of industry new to us. 

By confining the examination in the Treuil mine to the 
portion represented in the view (pi. 7), that is joined to' 
this notice, there is remarked passing from the bottom to the 
top, i. e. from the lowest terrace to the surface of the ground ; 
1st. A bed of coally spangled clay-slate («), which is 
soon followed by a bed of coal (H), about 15 decimetres 
[5 feet] thick. 

2dly. A second bed of the same slate («), but thicker, 
and containing in its lower strata and very near the coal, 
four beds of compact carbonate of iron ore (FJ, in flattened 
nodules, cleanly separated from each other, more or less vo- 
luminous, or in large plates swollen in the middle, accom- 
panied, covered, and even penetrated by vegetable remains ; 
3dly. And at the second terrace above this schistose bed, 
another bed of coal (H), which is from 46 to 50 centimetres? 
[about W inches] thick, and which is covered by a bed 
composed of schistose clay («), resembling the biferiorone, 
from four to five thin seams of coal, and towards its upper 
part of three or four thinner seams, and closer together, of 
carbonate of iron (F), in every respect resembling that of 
the first terrace. 

The schists and iron ore .are accompanied by jaumerous 
vegetable impressions, which cover their surfaces and follow 
all their contours ; 

4thly. Lastly, and here terminating the coal measuresf, 
a bed 3 or 4 metres [about 9 f . 10 in. to 13 f. 1 in.] thick oc- 
curs, of a micacous sandstone, sometimes simply split in va- 
rious directions, sometimes very clearly stratified, and even 
passing in the mass into the slaty structure. 
In this bed, and over a' great extent, numerous steins oc* 
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cur^ plaeeil rertfcalhf, trater^lhg all the stratEi, an^ of 
wlridfa t!i6 Tietr joiriedf to iMs notfte only fl&'c^g a srHsiiL 
mxnbf^t. It Is a trtte fossil forest, of inoD6(^otyIed6notis re- 
getables, resembling (ranrbioo^ of a large tquisetwn i& it 
were petrHied in place. 

AKhotigh the beds 6f ihe coal m'eastire? aV6 hei^e ^videliti^ 
ii6riz<&irtal, it is remiarked that there had be^n,* altet the 
preeipit^ion i^ ereti Coiilsolldatfoil 6f fh^ upper sandstotii^', 
^ ^Ifdinfg moi^mcftf^, of little* extent certainly, but ^uiBcfent 
hrniady^ints to break the cdntiduity of these steknd/ io 
that the; tipj^er psn^s a^e as it weref thtown 6u one slde^, atid 
iire tfdt contiiiuoiSis With the lower. 

~ It does not enter into mf plan to describe tii^i^ irege^ 
tables, i^br to' seaf ch to detertiiine to what family they i^]^ 
bdloAj^ : it fs a Tery hhportaht and diMciil^ subject, and 
canndt be tfeafted eh passant. My son, aided by the ^bUiii'- 
sets of M. DlecandoUe, and the help of geblogists^ has loug 
since undertaken a special work on this^ portfou of botaAny^ 
the otrfect of which is, the study of fosi^l vegetables ; for 
hyrtao sujmrficially and rapidly nlaiiiiti'g the vegetables of ttie 
fcoal iheiasutes, one dsks propagating opinions on theii^ ge- 
nera, wiiich might 6e erroneous. But &Tth6Ugh I ought td 
speak hei^e only of the position of these stems, and not df 
their nature, I cannot aroid ofiering, under this point of 
vietf, 9om6 observations tetating directly to those of St. 
Etienne. 

'• There' afre at the Ti'euH mine two very distiuct kiucfir of 
stems : those of one class are cylindricisil, Articulated and 
Striated parallel to their edges ; they do not in their inteHor 
present any organic texture, their jprofra^/y reedy (fistulaire) 
cavity is entirely filled with a rock of the same nature as 
fhat composing the beds they traverse. These stem? are 
the niost numerous, they vary much in diameter from i or 
3 centimetres only [about 1 inch] to 1 or 2 decimetres [4 to 8 
in.], and perhaps beyond. Their greatest length appeareof to 
us to be 3 or 4 metres [9 f. 10 in. to 3 f. 1 in.]. Their sur- 
face is often covered by a ferruginous and even coaly de- 
posit or coat. 

o2 
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The other and more rare vegetables, are composed of hol- 
low cylindrical stems di?erging towards the lower extremity, 
and appearing io spread oat in the manner of a root^ bat 
without presenting any ramificaUon/^ 

None of these stems can apparently be referred to trees 
of. the palm family. This result, which I only notice, will 
be developed and preceded by the motives which have led 
to it, in the special work my son will publish on this suliject* 

I announced at the commencement of this notice, that the 
fact described in it was not new to geologists. ' Among the 
•xamples brought forward of fossil vegetable stems travers- 
ing many beds, or placed vertically in the bosom of the 
earth, I shall speak of those which appear to me most ana- 
logous to the example taken from the St. Etienne mines ; 
these citations will help to .establish the resemblances that 
are as real as remarkable^ which the coal measures of all 
countries piesent, under all the circumstances of their for* 
mation and structure. 

Sir 6* Mackenzie has observed in the coal measures of 
Scotland, near Pennycuick, ten miles from Edinburgh, a 
vertical trunk about 12 decimetres [ 4 feet 3 high, the 
masa of which is of coal measure sandstone, and of which 
the bark or what, here represents it, is replaced by coal. 
This trunk not only appears striated in the manner of the 
St. Etienne sterns,, but also divided like them by trans* 
verse articulations, f 

A fact closely resembling it appears to have occurred in 
the coal measures of South Shields, j: 

M. de Schlotheim also mentions vertical stems at Kiff han« 
aen, in the Hartz, || in the mines of Manebach, near lime* 
nau, &c. 

But the examples that most approach that which I have 
brought forward, have been observed in Saxony by Werner^ 

* The figure thews these different eircumstancet. 

+ Biblioth : universelle, t. viii. p. 856. 

% Ibid. t. viii. p. 2S4. 

I In Leonhard Taschenbuch ISIS, 7th year^ p« 40. 
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1)y Messrs Voigfat anci d'AubaissoD^'in the doal measures in 
the ndghbonrhood of Hainchen, and by Messrs Habel and 
ffoggerath^inthe coal mines of the Saarbrack country. 

Four or five stems, from 20 to 30 centimetres [8 to IS 
feet] in diameter, which M. d'Aubmsson calls trunks of 
trees, occur at the first spot in a Tertical position, in the 
sandstone of the coai measures. All the circumstances 
agree with those that accompany the vertical litems of St# 
Etienne.* 

The same facts have been obserred in the enyirons of Saar« 
brack, in many coal mines, especially in that of Kohlwald, 
where the tranks are 2 metres [about 6 feet 7 in.] high, and 
6 or '8 decimetres [2 feet to 2 feet 8 in.] in diameter, and 
In that of Weiiesweiller ; the trunks in this last mine, re- 
markable for their conical form, for their diameter of from 
45 to 36 centimetres [18 to about 14f inches] for their 
keight, which is above 3 metres {[about 10 feet] have lately 
been described and figured by Dr. Noggerath.f 

These tranks, which cannot be referred to any known 
vegetable, and which appear to difier from those of Haiti* 
chen and St. Etienne, traversed many beds of sandstone, 
both schistose and sandy, and were situated between two 
coal beds. 

M. de Charpentier cites a similar fact, which he had ob- 
Served in the sandstone of the coal measures to the N.E. of 
Waldenbourg, in Lower Silesia. He states that, in 1807, 
he there found a fossil tree in a vertical position, traversing 
horizontal beds, and having its roots and some branches well 
preserved, and changed into very small grained quartz, 'of a 
greyish black colour, but whose structure was no longer 
disceroible ; the bark and small branches were changed 
into coaL This trank was 4 decimetres [16 inches] in 
diameter, and there still remained a length of about 4 

* See Journal des Mines, t. zxvii. p. 43, and especially d' Aubuisson, 
Geognoiie, t. ii. p. S92. 

f Ueber aufrecht in gebergsgestein ingescklofifene fossile BaumsUuq* 
^oe, &C. von Dr. Jacob Nogger&tb, Bono^ I919r 
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metres* [13 f. 1 iD.j. The p^esenee of branches, which 
does ^ot appear doobdU, estabUsbes a ^fuurkable differenp^ 
between t^ faci| that of St. Etji/Biuie^ and thoso we haye 
gaoted* 

Lastly^ M4 Hab^l has observed jo th^se ^ame n^nei tege^ 
tail)le stems placed alopst verticaUjr, which do not differ 
frpQi ours; thej were from 2 1^ 2| metres {/JyiiBit 6 t.f iB« 
to 8 f.] ii^ height^ ai^d about %5 centimetiies [10 feet^ in dk^ 
meter : thej were articulated, regularly grooved, and covered 
bjr a Httle .gq^I. These stems traversed beds of the forma- 
tion wluch contain carbonate of iron ore^ 

A truok 9I ^ tree in' a vertical position has lately been 
observed in th^ sandstones which cover the coal ^rmation 
of Glasgow, 9n ^e N.W. of that town : thi# tnpak was about 
6 de^cimetres [2 feet] in diameter, its transverse section prer 
sented a nearly oval figure | it was, like those I have des- 
cribed, .entirely hlkd with the rock compQsiiig the matrix 
in which it occurred ; bat the bark^ that is to saj, the exter 
rior part of this vegetable^ for nothing shews tha^ it IbmI a 
r^l bark,^ was converted ii^to coaL J$ ^fo^ cl^a^ .^ fpr the ex? 
tent pf about a metre [about 3 f, 34- ip*3 andmy brandies w^^ 
observed ; yet at its lower part^ root^ w^re said tp hfive been 
seen, especially four of large *size, dipping under the groQa4 
like those ordinary trees. It could not,- says the author of 
this notice, be referred to any known tr^e. (Thomson, An* 
nals of Philosophy, 1820, November, p. 13S). 

I do not speak of the stems and trmiks of true trees, not 
only fossil, l^ut changed into silex, whjch are observed in 
the rocks of a formation absolutely different and always pos- 
teripr to that of the coal; these petrifi/ed wqods are very 
qumerous^ but their geological position distinguishes them 
essentially from those which form the subject of this notice. 

It is probable that the examples of stems traversing the beds 
of the coal measures are also very frequent, and that if but 
a small number have been noticed, and sp. few figures of 
them huve been published, it is owing to the manner in 

♦ Biblioth : univexa : 1418, t. ix. p. «66. 
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which the rocks containiog them are reached. These rocks 
are ^bnQSi; always deep ; thej are arrived at jonly by pits 
and galteries^ Mrhlch ar^e never much deT^}oped in many dis- 
rectioDflu When forming the subterranean passages^ th« 
^ndstoi^ies ar^ avoided as much as possible, as they only 
joffer to the miner expense without profit; yet these are the 
jDocks which appear to contain most of the vertical stems* 
The difficulty of uniting all these conditions, ought to dimlv 
nish the number of circumstances favourable to the discoveiy 
and easy and complete observation of these stems ; but anar 
logy leads us to believe that, if there was the same interested 
motive in searching for them as the iron ore, they would ha 
j^ound as generally spread over the coal measures as thid ore* 
Now, if these stems, still in their vertical position, shew 
that jbhe coal m^sures of St Etienne, Saarbruck, &c. have 
been formed and deposited on the spots wh^re these tege* 
tables have lived, as much might and ought even from anar 
logy be said of all other coal measures. The arborescent 
ferns and all the vegetables of a tropical aspect found burie4 
in the coal measures must no longer then be sought to be 
found beneath the torrid zone, nor to be brought into our 
latitudes by means of great currents or grand debacles* 
This hypothesis, now almost entirely abandoned, is, as M« 
Noggerath has particularly ^remarked, incompatible with a 
vertical and general disposition, which is so clear and, so 
j^eneral. 

Yet M. de Charpentier, in the notice we have mentioned, 
and which rentes to the vertical trunk of Waldenburg, 
offers very just reflections on the difficulty of conceiving that 
these, stems could grow ' in a rock such as that which now 
envelopes them, and that this rock could deposit itself in the 
middle of them during their growth, without in part de- 
stroying, upsetting, or at least deranging them* He sup- 
poses that these vegetables, adhering by deep roots to the 
ground, have been carried away with the soil that supported 
them, and left in the places where they are now observed* 
He rests this explanation on a fact which he observed at the 
|time of the great debacle gf the Jake of Bagne« In thijif 
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great catastrophe, lai^ trees with their roots were carried 
away hy this debacle, and deposited vertically in the plain 
of Martigny. This obsenration leads to the conclusion that 
the vertical position of a stem Is not a proof that It has lived 
on the spot where It Is now thns foond ; bat it appears to ns 
a Circumstance that ought to be rare, and which can only 
offer some isolated facts : the examples of vertical stems are 
on the contrary very numerous. In those mentioned by M. 
Noggerath and us, it is not only one large trunk that has 
been observed, but many ; and in that of the Treuil mine, 
which forms the principal subject of this notice, there is 
nearly a forest of slender stems, which have preserved their 
parallelism among themselves. Moreover the nature of the 
ground to which the vegetables still held by their roots 
oaght to be different, or at least very distinct from that of 
the rock enveloping them. It is perhaps more difficult to 
tonceive that this sandy rock could envelope them after 
their removal without deranging them, than that it has been 
deposited between them in the place where they grew, and 
where they were very firmly rooted. Even supposing that 
these vegetables could* have been transplanted without losing 
their vertica} position, it cannot be admitted that they came 
from a great distance ; and the insurmountable difficulty 
that this fact raises against the hypothesis which brings the 
coal plants from tropical regions into our climates, does not 
the less remain.* 

Yet the reflections of M. Charpentier and the facts he 
cites, throws uncertainty on the primitive' situation of these 
vertical stems, and ought to engage us to continue our obser- 
vations, and teach us that we cannot draw any absolute and 
general conclusion from this fact. ' 

* For an account of the vegetables of the coal measures, consult 
Conybeare and Phillips's Outline of tlie Geology of England and Wales. 
Part i. p. 333 to 343. (Trans.) 4 



Notice on the Coal Mines of the lidsin'ofifik 
. Aveyron : * by M. h Chevalier Du Bosc, 
Engineer of the Royal Mining Corps. 

-(iVnnales des Mines, 1881,) 



THE department of the Ayeyron !$ without contradictiooi 
^f all those in the kiDgdom^ that in which the thickest as 
well as the thinnest known beds of coal are worked. This 
assertion at first sight strange, ceases to be so when the dif- 
ferent part9.of this department are Tisited^^in which the coal 
mines occur. Enormous beds of coal will be seen in the 
Cantdn of Aubin, some of which are more than from 15 to 
do metres [about 49 feet in. to. 66 feet 6 in,] thick^ 
and in the Cantons of Miihau and its ticinitj, coal seams are 
worked which are generallj not more than from 20 to 25 
centimetres [8 to 10 inches] thick.f 

[The author then proceeds to state that there are three 
distinct coal basins in this department^ including thi^t pf the 
AveyJron — viz.] 

1st. The coal basin of the N.W. or of the Lot) which 
belongs to the sandstone formation, % and contains the rich 
mines of Anbin« 

2dly. The centre coal basin, or of the Aveyron^ which 
belongs to the sandstone formation J|. 

* In the coal basin of the Glane, and the rivers flowing into it (Palati* 
nat) numerous coal mines are opened on beds which are less than 8 
decimetres [8 inches] thick. 

f This is. extracted from a detailed account of the mode of workinjg 
the mines, ^. in this district. (Trans.) 

i and II Coal measure sandstone I presume. (Trans.) 
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3dl J. The coal basin of the South, or of the Tarn, which 
belongs to a limestone formation. 

Of these three coal basins I shall only here speak of the 
second, that of the ATejron* 

Its general direction is from £. to W. and it runs nearly 
parallel with the river ATejron, constantly following the 
left bank of this river, without ever passing over to the right 
side, excepting on Hs' westeiiHimH, (very new the teWn of 
Rodez}« 

The two towns of Rodez and Severac-le-Chateau may be 
considered as the ti^e extreme points of the coal formation, 
which is thns about 36 kilometres [about 27|> miles] long 
from £. to W. while its breftdth from N. to S. is variable, 
never exceeding 3 kilometres [about 2| miles], and being 
most commonly much less. 

The coal formation, beginning very near Rodez, the chief 
town of the department^ passes along the left bank of the 
Aveyron^ traversing stcclMsi^^y die edlkin^tiites of Agen, 
Laloubieve, Montrodef, Bertlietoie, Ka^^sIwc, Seterac- 
FEglise, Gaillac, Reeodles^ imd I^Hi^rtile. Coal has'beed 
fbund and worked in the^e different confmnnes, with th^ 
exception of those of Severac rEgUseand Galliae, where 
there has been found, not coal, but coal rteasure sand^ne. 

The limits of this c&ai fMtnatfon ace, on the N. a vast 
formation of secondary limestone which covers the sandstone j 
and which forms a vast plktfortti, nalned CdU^Hij * which 
occurs between the riven Aveyron and Lot. The predomi- 
nant rock is a true compact limestone, almost always shelly, 
but very variable f n its colour, structure, and hardness* Its 
colour varies from yellow to dull white and grey i it some* 
times passes into argillaceous limestone ; at others it becomes 
to schistose, that it is employed as rodfiog slate. 

The direction of the limestope beds is from E. to W. ; 
their inclination towards the S. is always slight, and it has 

* The word causse is a generic narae for the limestone soils proper for 
the cultivation of wheat, while the name segala is given to the mica slates 
and gneiss, which scarcely produce any thing but rye. 
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often none at all. Its inclInatioD is not sensible except to- 
wards its point of contact with the coal measures ; the beds 
there become inclined from their previous horizontal posi- 
tion, and acquire a dip of from 30* to 40*". 

Towards SeTerac-le-Chateau some limestone strata contain 
.veins of lignite (true jet) of little tluk^ess, ^ndnoicojH 
tinuous enough to be worth working. The coal formation lis 
lK>unded on the* S. by primitiTe cocks, on whieh it rests* 
The rocks are composed of gneiss, the beds of which,, not 
very distinct, incline to the N. Proceeding S. the gneiss is 
replaced by granite, which constitutes the central and ele- 
vated chain of Levezon, separating the basin of the Aveyron 
from that of the Tarn. 

The predominant rock of the coal measures is the true 
coal meastire sandstone, in beds of i!nore or less thickness", 
more or less regular^ but always inclined towards the N.or 
nearly so. This ssmdstone is sometimes large grained, but; 
most commonly fine'^rained. Though very hard to be 
worked, it speedily decomposes in the air, loses it^ hardness, 
and becomes of a yellowish colour on the sur&ce. It some- 
time ^temates with micaceous sandstone, and sometimes 
iretains impresriond of ferns and reeds* 

These impressions al^Q occur in the. ar^Uo-bituminous 
•ehilts, which, in various points of the formation, accompany 
the coal beds, either as a. roof or floor, or dividiiig the coal^ 
b^s themselves. 

Besides the schist, small veins or nodules of soft day, 
sometimes schistose, are fodnd on the ^ides or in' the inte- 
rior of the coal beds. 

Lastly, the sandstone contains beds of coal, which, in 
difflnrent points, vary as to thickness, inclination, and quality. 
Their dip is the same as that of the sandstone. 

The number of coal beds observed at dilSerent pdints 
varies from one place to another ; it is' the same with their 
mode of occuitenCe, thickness, and quality. 
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'Notice on the Geologij of the Western part of 
the Palatinate, hy M. de Bonnard, Engineer 
in Chief of the Royal Mining Corps. 

{Annalesdes Mines 1681.) 



. THE mountaiaoas coimtry on which I now propose to offer 
|M>me geological remarks, collected fifteen years since, la 
eeveral professional tours, comprises a part of the ancient de- 
fwrtineats of the Sarre and Moot Tonnerre : it is limited on 
the W. and N* W. hj the course of* the Brems. and that of 
the Nahe ; on the S* by the present frontier of Fraqce ; on 
ihe.E* by the prolongation ^of the Yosges chain, to the fort of 
Jilont Tonnere ; lastly on the N» £. by a canred line passing 
within the limits of the small towns or bourgs of Gaelheioi, 
Alzey, Waelistein, apd Creutznach. Beyond the Utter li- 
^it, and the red sandstones of the Vosges, are the rich plains 
pf ^he eastern p^ pi the Palatinate, the soil of whieh is 
formed of less ancient rocks than those of the western part 

The river Nahe flows in a general direction from S. W. to 
, N* E. from its source, situated near Selhach at the foot of 
the mountain of Schaumberg, to the small town of Kym, 
where it turns towards the E. It follows this l^t direction 
to the saUnes of Creut^nach ; here it again turns, and flows 
to the N. and even the N. N. W. to its junction with the 
Bhine at Bingen, a point that occurs nearly in the prolonga- 
jLioo of its original direction. 

On the left bamk of the If ahe, and at a short distance from 
its bed, the schistose and compact quartzite formations com- 
mence, which form the mountains of the Hiinsdruck. On 
the right bank, and also at a short distance from the river. 
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are situated the coal measures and- red sandstones of the Pa-» 
latinate* 

The Hiinsdmckjboandedby the Rhine, theMoselle, the 
Sarre, and the Nahe, forms part of the great schistose zone 
which is prolonged from the deportment of the Ardennes 
across the N* of Germany, and which appears, in a great mea«t 
sure formed of transition or intermediate rocks. The red 
sandstones of the Palatinate join, on the £• those which con^ 
stitute the mountains of the whole northern part of theVosgeSy 
known in the country by the name of Hardt-geberge, the 
eastern slope of which is rapid, but which gradually declines 
to the west, towards the country which especially forms the 
subject of this notice. In this chain, the granite, long hid 
beneath the secondary rocks, appearsfor the last time between 
Landau and Annweiler ; It there forms near Alberschweilec 
an isolated mountain, in which the granite rock is seen to 
pass into porphyry. This mountain rises in the midst of the 
red sandstone that surrounds it, and which immediately rests 
upon it* Proceeding from this place towards the N. to the 
foot of Mont-Tonnere, or towards the west to Sarrebruck, red 
sandstones and quartzose conglomerates are only found, the 
whole of which is commonly known' by the name, of the red 
sandstone formation. They are covered, but only in a few 
points, in this direction, by horizontal shelly limestone 
(muschelkalk), as at Bischmissheim, near Sarrebruck, or 
by limestone and marly clay, as in the enyirons of Deux 
Ponts, or by gypsum placed between the red sand and lime- 
stone, as at Omersheim, between Sarrebruck and Blies- 
castel. Not far from Sarguemine, on the right bank of the 
Sarre, b situated the small saUne of Relchingen, near the 
limit common to the red sandstone of the Palatinate, and the 
horizontal limestone of Lorraine : the spring only contains 
libout I| per cent, of salt, with muriate of soda, and sulphates 
of soda and lime. Still more west the red sandstones envelope 
th^ southern part of the coal measures, are prolonged on the 
left bank of the Sarre, to and beyond the environs of Treves, 
and even penetrate, on the right bank of this river, into the 
basin of the Brems and its confluents. They are also, in 
some points, covered with horizontal limestone, as at NaU 
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bach (ivro fefl^6s to the north cff Sarre Lcy^is,) at WahkA 
(between Mei^z and Wadern,) &c. It is probable that this 
^reat mass cf arenaceont r6ckft comprbes the twor fbnnations 
df Ted sandstone, known m Gennan j by the names of Rothe 
llegendeand BAdter-sandsteiA.^ I hate obserred vegetabl'e 
femains half d&ilyonized in the sandy rock near Sirrebrock. 
' The coalt measures form a zone which extends, fi'om S. W. 
to N. E., is leagtfes itit leiigth, f#om the sonthern bank of the 
Sarre^ a H'tthe below Sartrebmck, to beyond the Nahe In the 
toi^rons of Sobemheim. The breadth: of this zone of coal 
fades from fbnr to sieten leagues, accorcRng as it is more ot 
lesd confined by the two chains between whicb It occurs. At 
about a third of its width it is traversed by a band of the fed 
tondstone formation, which constitutes some elevated sutn- 
infts, among others that of H5cherberg, near Waldmohr, and 
Wh^ch divides the coal measures into two basins very different 
from' each other. ... 

' The sotithem bastn which ftheds Its ^at^irs into the Sarr^, 
hefongs to the best charactisrtzed and richest coal m^dsttres. 
It is prfncip&tly comp6s6d of alternating beds : 1st. of lirgil- 
lacedus schist, slaty clay, and schistose sandstone, in which 
are observed numerous impressions of ferns and other plants 
iU>mmon to this forftiatioti ; Zd\y. of mibaceous skndstone or 
coal measure sandstone i Sdly.- of argillaceous and quiurtzose 
6Dng!omerat6^. It contains good and numerous beds of coal 
worked In the environs of Sarr^bruck, as also beds and abua* 
dant masses of earthy carbonate of iron ore, in the nodules 
of which are sometimes remarked impressions of fish, parti- 
cularly in the upper part of the coal measures, as hi the en- 
virons of Lebach. The schists of the co^l measmres Ate in 
some places worked in order to extract the alum and sulphate 
of magnesia : a small and slightly salt spring rises from it near 
dultzbach. This formation also coAtains, but only between 
itff upper strata, beds of compact limestone, grey or black, 
with a splintery fractui^, and sometimes a schistose structure. 
The general direction of the beds in this basin is S. W. and 
N. E. On the east and north, it would appeat that this for- 

* The new red or saliferous sandstone. (Trans.) 
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mation Tdsts upon the red saiidsftooe tliat snrroulids it, and* 
whose beds appear in some places, on the banks of the Biied,^- 
near NeunkircheD, to the S. E. of Ottwdler, to dip beneatb* 
the coal measures. - On the S. and W.^ on the contrai^j, the- 
coal measures dip beneath the red sandstone, and are found- 
by traversing the sandistone.* 

The northern part of our coal zone, which sheds* its wa^ 
ters into Nahe, atid which principally comprises the banlcr 
of the Glane and its confluents, is of a different nature. The 
argillaceous schists, with little or no impressions, often form 
the principal mass of this formation and sometimes' entirely* 
constitute it: they commonly alternate with schistose sand*^ 
stone ; but the variety of sandstone especially known bythe^ 
name of the coal measure sandstone, is rather rare. A tod 
almost always dry and of bad quality oftM occurs in iht9& 
rocks, forming in each mountain one or at most -two sihalY 
beds of a few inches thick, in general situated near the mf^ 
face. The'coalis nearly always immediately covered, anti^ 
also sometiinea divided into two beds, by a limestone -of • 
dun yelldw or blackish brown^ or presenting diJBferent mix- 
tures of these two colours, and sometimeis containing pafchi^ 
(mOudhes) of dttlphuret of sine. 

Ttie coal and limestone are worked together in nifnierour 
small mines, and the principal use of the coal is to burn the 
lime, which has been generally employed as manure for forty 
years, and has singularly improved this barren country. 

Mamo-bituminous schists have been observed hi the stther 
formation, which sometimes present (at Munster Appel) the' 
impresiisions of fish penetrated with suiphuret of mercuryf ^ 

' * It would appear that part of the f64 sandstone of the Palatinate, 
that which supports the coal measures, might be referred to the old red 
sandstone, the carboniferous limestonje being wantmg, and that the part 
restmg on the coal measures was the new red or saliferous sandstone 
Some 6f the lower beds oi the coal measi^res, ctr the mill-stone §pt, (if 
preseiit) may however be red. (Trans^) 

+ This very Remarkable drcuknstaneoy wti^ohrremivids us of the majmo- 
bituminous s^ists of Hesse and the Mamfield country, the bad quality 
Aid slight thinness oS the coal, the uniformity wdth which it is covered 
by a limestone very much resembling 2e«hateiD> ^<^ led me to consider 



U also contains large grained qnartzose copglomerates, the. 
cemept of wliichj of a reddish-brown colour, often appears, 
deriyed from the destruction 4>f trappean rocks. Lastly, the 
beds of compact limestone, of a dark colour, resembling 
t|iose met with in the western part of the basin of the Sarre^ 
between the upper strata of the coal measures, occur here 
in yerj frequent beds in the midst of the schists and conglo- 
i^erates, and even in many j^aces appear (near Wolfstein^ 
Rothseelberg, &c.) beneath the whole coal formation* 

No general direction cs^n be observed in the stratification 
of the plane coal basin* The most southern coal beds, which 
are the best of the whole basin (those of AUeokirchen and 
Dprrenbach) incline to the N* and thus appear to rest on the 
band of red sandstone separating them from the Sarre coal 
basin ; but more on the N. the beds of coal worked often in- 
cline nearly parallel to the slope of the mountains that con- 
tain them, apd the general disposition of the rocks appears to 
be .determined by the inequalities in the surface of an infe- 
ijor rock^ situated at a sUght depth* 

It is in the qoal formation of the Glane that a great part of 
the mercurial mines of the IPalatinate- is worked } the. ore 
either forms veins, as at Maersfield, Potzberg^ near Gousel^ 
&c. or more or less irregular masses, as at Stahlberg^ and 
Laudsberg, near ObersmoscheL Traces of. lead ore have 
been noticed in the same formation, but which have not 
given rise to any works. Many slightly salt springs are 
known in it near Grumbach, at Diedelkopf, near Cousel, 
and elsewhere ; it is said that the spring of Diedelkopf had 
formerly been worked. 

On its N. £• limit, the coal formation is covered, in the 
environs of Alvey, by horizontal limestone, which extends 
on the N. and £• to the banks of the Rhine. 

that the coal formation of the Glane was but the equivalent or representa- 
tive^ on the left bank of the Rhine, of the mamo-bitantinott» schist forma- 
tion, spread over the centre of Grermany, and which sometimes also con* 
tains coal ; but on the other hand wide differences seenT to oppose tiiem- 
selves to the adoption of this idea, whieh I was unable to submit to a se*- 
vere examination, as I did not return into the Palatinate after I had ob*. 
served the recks in the Mansfield county. . 
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The line of separation formed bj the course of the Nahe, 
between the rocks of Hansdriick and those of the Palatinate, 
is prolonged in the same direction to the S.W. and then 
nearl/ follows the basin of the Brems, which appears to 
form the prolongation or pendant of the basin of the Nahe, 
on the other side of the Schaumberg, which serves as the 
point of division of the waters. But in that part of its 
course where the Nahe turns out of its general direction 
(between Kyrn and Creutznach) it no longer corresponds 
with the limits of the two formations ; I have not anj where 
found, on the right bank , the schists and quartz rocks, ex- 
cept at the spot where it 'joins the Rhine ; but, as I have 
already noticed, the coal measures and even the red sand* 
stones, in many points penetrate on the left bank, especially 
on the north of Sobemheim, where tracies of coal have been 
observed on the slope of the mountains of the Hundsruck,* 
and on the N.W. of Creutznach, where the red sandstone 
forms the surface of the country for some extent. 

The course of a river between two formations of different 
natures and epodhs, is a fact frequently* observed in geologi- 
cal investigations, and which often appears to support the 
idea of valleys having been formed l)y running waters ; it 
is then thought that the rocks, generally less compact in the 
neighbourhood of the limits common to two rocks, may have 
been more easily attacked and destroyed by the waters. 
But it will b^ very difficult to draw the same conclusion from • 
the examination of the valley of the Nahe. In fact, between 
the two formations of the Hunsdruck and the Palatinate, 
there occurs a trap formation, composed of much harder 
rocks than those of the two formations it separates ; and it 
is in these trap rocks that the bed of the Nahe is hollowed 
out for nearly its whole course, between two steep banks, 
a circumstance the more remarkable, as the breadth of the 
trap formaticm is often very inconsiderable, and that it is 

* Similar traces are known, in the same position, near the forges of 
Abenthener, on the W. of Birkenfeld ; i. e. on the W. of the trap zone, 
of which we shall presently speak ; this is an exception to the getieral 
disposition of that zone between the two formations of the Hunsdlriick 
ana Palatinate. ^ 



226 M. DE BoNNABD.on the 

sometimes limited to the mountaiDS which . immediately 
confine the bed of the river. Thi» trappean zcne is also 
prolonged on the S.W. into the basin of the Brems, but in a 
less continuous manner than on the banks of the Nahe. 

On the left bank of the latter river, the trap suddenly 
and completely disappears on arriving at the. schistose forma- 
tions : this limit offers very interesting geological points of 
view, from the different aspect presented by the mountains 
o( the two formations. The soil of the Hunsdruck is gene- 
rally of a grejish tint ; vast and level platforms are there ob- 
served, with scattered blocks of white quartz, in general 
well cultivated, though not fertile, and covered with fine 
forests of beech and oak. These platforms afe furrowed by 
valleys with steep sides, but uniform and generally covered 
with vegetable soil. On the trap formation, a reddish brown 
soil is seen, of nearly general barrenness, and scarcely 
wooded ; the summits of the mountains present rounded 
hummocks, but their sides are broken and expose numerous 
escarpments of blackish rocks. Vast excavations cut on the 
surface for the extraction of the iron ores, almost exactly mark 
the limits of the two formations. On the right bank of the 
Nahe, on the contrary, the trap is found in the midst of the 
coal measures of the Palatinate, as far as eight or ten leagues 
from the riyer, forming either isolated hills, or branches of 
mountains less elevated than the principal chain, but gene- 
rally directed like it from S.W. to N.E. This trap forma- 
tion is principally composed of corneans^* wackes, green- 
stones, and amygdalo'ids (the latter rock contains agates, 
chabasites, prehnites, &c. in the environs of Oberstein). 
Sometimes the cornean passes into flinty slate (kieselschiefer) 
well characterized, aud of a black colour ; but it also passes 
into a basalt, and all the rocks become entirely analogous to 
basaltic rocks. In some localities, particularly near St. 
Wendel, and in the valley of Oberwiesen, on the north of 

* I have adopted the word " Cornean " as a translation of the French 
" Corneanne." In a paper on Southern Pembrokeshire, lately sent to 
the Geological Society, I have had frequent occasion to mention this 
kind of rock; the reasons for adopting the word Cornean are there 
stated. (Trans.) 
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Mont Tonnerre^ I observed among the trappean rocks a 
remakable mixture of talcose parts, and silky asbestos; 
Breccias and conglbmerates kre also observed in this forma-^ 
tion, composed of fragments of comean and qiiartz^ fiomeiimeft 
very large,* at others so fine that the foick insensibly passes 
into a red sandstone (rothe liegende). These are'naceoul 
rocks commonly appear above the crystalline rodkS, ofteii 
also the superposition of the red sandstone on the trap iS 
very distinct, as is seien near Winnweller ; but Sometime 
also the whole appears disposed in alternating beds, and id 
this case an insensible passage may ofteii b^ observed from 
the cornean or wacke to a fine grained sandstone i I have 
observed the latter fact at the Schaamberg, n^ar Tholey, c^ 
the iNf. of St. Wendelj in the hills which border the BremS 
near Waderri, oh th^ banks of the Nahe near Dnrckroth^ and 
elsewhere. Sometimes the paste of the comean, by alteN 
ation, becomes whitish, soft, and unctuous ; it is theti 
worked as fuller's earth. 

From the environs of Birkenfeld to below Obersteiuj the? 
principal • ifrap band* is many leagues broad on the right bank 
of the Nahe, where it extends to beyond Bauniholder^ 
Throughout all this country, the coal measures rest 61a the 
slope of the trap mountains. Further to the N.E. the iatte^ 
are more contracted ; in the environs of Kyrn, the coat 
measures traverse the Nahe in many places, and the ti'ap 
rocks occur above them, ahd it is then that they especial!/ 
become analogous to the basalts. I have observed the sd* 
perposition of these rocks on the coal measured, principally 
on the banks of the Nahe, near the coal mine of Durckroqh, 
and near Hefersweiler, 2 leagues to the E. of Wolfstein. 
An analogous fact it is imagined may be observed in th^ 
mountains of Landsberg and Stahlberg, celebrated for their 
mines df mercury ; but the whole interior of these itiotlntaitft 
appears so much disturbed, that it U very difficult to det^r- 
, mine any real superposition. On the contrary, 1 have seen 

* A singular breccia formed of fragments of cornean cemented by a 
corneah paste or base, occurs associated with trap at CufTern mountain 
near Roch, and in Ramsay Island, Pembrokeshire. (Trans.) 

p2 
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on the banks of the Lauter, near Olsbrucken, and in many 
other localities, the coal measures, and coal resting on amyg- 
daloid. Be that as it may, the preceding facts appear suffi- 
cient to prove that at least a part of the trap rocks of the 
Nahe should be considered as contemporaneous with the 
coal measores of the Palatinate ; but it most also be recol- 
lected that M. Omalius d'Halloy, and M. Calme, have 
thought that they observed these rocks in some points, be- 
neath the ancient schists of the Hunsdriick,* on the left 
bank of the Nahe. 

The trap formation contains large veins of sulphate of 
barvtes ; one of this kind is seen near and to the N. of 
Baumholder, on the road to Oberstein. It is stated that 
near Seelen (to the E. of Wolfstein), a considerable vein of 
reddish spatbose limestone is worked in this formation. It 
also contains such a great quantity of small veins or bundles 
of copper ore, that it is known in the country by tfie name 
of Kupfergeburge (copper formation)* The copper mines 
of Fischbach, Nolfeld, Banmholder, Oberstein, Niederhau- 
sen, &c. were worked in it ; all are now abandoned. Traces 
of mercury have been observed in this formation at Banm- 
holder, St. Julian, and elsewhere ; the manganese vein of 
Crettnich near Wadem, is worked iq it, a9 also many iron 
veins at the foot of Mont Tonnerre ; lastly must be cited 
the great masses of .iron ore which are in many places 
worked in open day, on the limits of the trap of the Nahe, 
and the schists of Hunsdruck. 

But independantly of the trap formations, well character- 

• See Journal des Mines, No. 144, and No. 146, p. 144. 

In a work entitled Geognostische Studien am Mitttel-Rhein, printed 
at Mayence in 1819, M. Steinheimer cites, page 118, &c. nnmerous lo- 
calities in the Palatmate, where basalt, wacke, and amydalold, appa- 
rently form beds in the coal measures. In other places, on the contrary, 
as at Braunhasen, on the slope of the Hunsdriick, he considers the basalt 
as belonging to the transition rocks of the schistose mountains (p. 200). 
From the whole of his observations he concludes, that all this trap for- 
mation is probably the product of submarine volcanoes, which acted on 
the pre-existing rocks of Hunsdriick, at the same time that the sea de- 
posited the secondary formations of the Palatinate. 
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ized formations of petrosilicious porphyry, and argillaceoas 
clay porphyry (argilophyre of M. Brongniart), have also 
been observed id the Palatinate. The predominant rock 
of this class has a whitish, greyish, or roseate paste, arid con-, 
tains crystals of felspar^ quartz, mica, and sometimes hom- 
i)lende. 

These porphyries occur on both sides of the trap zone : 
on the western side I have observed them, proceeding from 
S. to N. 1st, at Dippenweiler (3 leagues on the N. of Sarre- 
Louis) where they contain copper, which has given rise to 
considerable works ; 2dly, near Selbach, Gumbsweiler, Eck- 
elhausen, and EUweiler ; 3dly, at Herrstein. These differ* 
ent positions are perhaps the traces of a porphyritic zooe^ 
which would be situated between the schistose rocks of the 
Hunsdriick and the trap of the Nahe : at Harrstein the por»> 
phyry is even inclosed between the schist beds; but its 
paste is here greenish, it contains crystals of hornblende, 
and perhaps belongs to a different formation. Porphyry 
constitutes much more extensive masses on the E. of the trap 
formation, which occur in the midst or on the edges of the 
coal buin of the Glane. The principi|l of these masses are, 
1st, the Donnersberg or Mont Tonnenre ; Sdly^ the Konigs- 
berg, near Wolfstein, and 3dly, the group on the S. of 
Crentnach. 1st, The porphyritic formation constitutes the 
whole nucleus and a great part of the sides of the Mont 
Tonnerre, the mass of which is at least 8 or 10 leagues in 
circumference. This mountain is the mpst elevated point of 
the Palatinate : its height is about 600 metres [1968 feet] 
above the level of the Rhine at Mayence ; it is as if isolated 
in the midst of a country of low hills, above which it rises 
more than 400 metres [ISIS feet]. These hills are, 
on the N. and W. of Mont Tonnerre, formed of the coai 
measures ;. and to the E. and S. by micaceous red and slatjf 
sandstone. Two leagues to the S. of Mont Tonnerre, a red 
sandstone of a different nature is found, mixed with quarts 
zose conglomerate, which constitutes the last mountains of 
the Vosges. On the N. W. and S.W. branches of the trap 
formation are seen, which appear to rest against t^e (oqI o( 
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Moikt Tonncrre, in the midst of the coftl measures, which 
yery certainly cover the porphyry. There are proofs of the 
latter superposition in many pits sunk in the coal measures, 
between Kirtcheim-Boktnd and Orbis, on small veins of 
mercury, and in which porphyry hat. been met with at a 
slight depth. The porphyry of Mont Tonnerre is generally 
of a very pale and often almost white colour. The crystals 
of felspar, quartz, or mica, are not numerous, ,and the rock 
is often a nearly pure petrosilex ; often also it apparently 
becomes almost entirely siKceous ; sometimes on tfie contrary 
the texture of the paste becomes l^ss close, and the rock 
passes into argilolite. I haye not observed any true stratifi- 
cation in it. At Langenthal to the N.W. of Mont Tonnerre, 
a very regular and vertical vein of oxide of tin ore is worked 
in the porphyry. At Imschbach not far from thence, veins 
of silver, copper, and cobalt ores were formerly worked. 

Sdly. The Konigsberg is less considerable ; it is yet much 
more elevated than all the mountains of the coal measures 
with which it ts surrounded. The rock constituting it En- 
sembles that of Mont Tonnerre, and like it is often a nearly 
pure petrosilex. It contains numerous veins of mercury and 
pyrites, accompanied with crystals of sulphate of barytes, 
which have been and still are worked at the mines named 
Wolfstein. On the sides of an adit level of these mhies,* 
the petrosiliceous rock occurs as an assemblage of inelined 
prisms laid upon each other. Round Konigsberg^ highly 
inclined beds of blackish limestone are in some places seen, 
which rest on the porphyry, and dip beneath the coal mea- 
sures that surround it. To the W. of Wolfstein, near 
Horschbach, the porphyry forms another eletated summit 
in the midst of the coal country of the Glane. ft is again 
found on the banks of this river, near Ulmet, forming steep 
rocks, and the coal measures are seen to rest on it.l' . ' 

* I have observed this prismatic disposition in the gallery of the 
iBiites of St. Elias, and Christians-Gliick. 

+ I hav(^ not myself observed this fact; but I find it mentioned in the 
Gcognostissciie Studien of M. Rheihheimer, p. 82. 
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Sdly, At the salines 6f Creutznach, half a league on the 
S,E. from' the town 6f the same name, Hear the village of Mun- 
fiterj the two banks of the Nahe are fomied of steep rocks, 
5G0 metres [656 ft.] high, of a porphyry analogous to fhat of 
Mont Tonnerre and Konigsberg, btit often affording varieties 
of a deeper colour, and^in the paste of which a greater num- 
ber of ofystais are observed than in the other localities. Yet 
th^se crystals are occasionally of the sgine colour as the pasted, 
and they are with difficulty distinguished. Sometimes also 
this paste appears to envelope elongated nodules, which are 
either of the same nature with it, or contain gebdes of calca- 
reous crystals. The porphyry there occurs over a great ex- 
tent of country : on the S. W. it constitutes the mountains to 
within a league of the north of Obermoschel, with the fex- 
ception of some interruptions in which the trap or coal mea- 
sures occur ; on the E. it occurs in the same manner to the 
environs of WoUstein, and beyond Fiirfeld : the pa«te is 
here a true argilolite ; to the W. proceeding up the Nahe^ 
the porphyry is followed for more than a league without in- 
terruption, and afterwards at different inter\^ls ; at Nieder- 
liausen, it presents traces of nearly vertical beds, which ap- 
fiear to dip beneath the trap rocks ; near Bihgert it'consti- 
•totes the elevated mountain of Lemberg and is covered by the 
€oal formaiibn, in which, as at Orbis, small veins of mer- 
cury are cut at a slight depth by the petrosiliceous rock. On 
the N. at a short distance fram 'the^f///;ie.f , the porphyritic 
rocks cease on therrght bank; a little further, thry also 
disappear on the left bank, and thcf Nahe enters into a coun- 
try of plaint and low hills, formed of red sandstone, the beds 
of which evidently rest on the porphyry. 

Notwithstanding the numerous escarpments (hat this 
great porphyritic mass presents, I conld not oTiserve any true 
stratification in it. The rock separates into decided prisms 
near^ Fiirfeld* Copper mines have been worked in the pbr- 
phjrry near, the salines of Greutznach. If we may judge from 
the nnmber and extent of the subterraneous works occurring 
in.thi&lecality, the extraction ought to have been both con- 
sideraj[>le and productive. The principal vein contains pyri- 
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toos and grey copper, which hat been remarked to me as a 
circnmstance occurring solely in the copper of the Palatinate 
situated in the porphyry, (Dippenweiler and Crentznach), 
whilst it is stated that the copper Teins worked in the trap 
principally produce carbonate of copper. 

Lastly, it is from the porphyritic rocks, on the banks and 
even the bed of the Nahe, that the numeroos salt springs of 
the Crentznach rise, and borings through the bottom of the 
pits in which these springs are collected, have been driven 
more than ^0 metres [about 1 07 feet] from the surface with- 
out meeting with any other rock than porphyry. This ap* 
pears to me a very remarkable fact, and I consider it unique 
in the history of salt springs, which every where else rise 
from rocks of sediment. The springs of Crentznach are of 
a temperature a little above that of the mean temperature of 
the atmosphere ; they contain only about a hundreth part of 
marine salt, and with this salt muriates of lime and magnesia 
and a little bitumeb, but not an atom of the earthy and al* 
kaline sulphates, which occur in fdl the suline springs of the 
£• of France and the N. of Gerinany, 

To complete the notice of all tbe localities in which I have 
observed porphyry, I should add that the summit of the 
Lindsberg, near Obermoschel, presents steep rocks appa- 
rently of the same nature, and which have also been thought 
toi have been met with in the mines of that mountain, and 
in those of Stahlberg ; but, as I have already had occasion 
to state, these two mountains are so much disturbed, and 
they contain, especially the former, so many different rocks, 
with so much disorder manifested in their union, that it ap- 
pears to me no conclusion can be deduced from the obser- 
vations to which they give rise, for determining the relative 
age of the different rocks of which they are formed. Ab- 
stracting therefore these two last position^, I shall cast a 
coup d'oeil over the porphyritic rocks I have just men- 
tioned. 

Many geologists have apparently regarded them as con- 
stituting part of the trappean formation of the Nahe,* and 

•M. Omalius d*Hallov, Journal des Mines, No. 144; M. Calmelet, 
Journal dei Minn, No. J46, p» 14V. 
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it cannot be dissembled, that in certain localities there ap« 
pears to be a great connexion between the porphyry and 
trap. Small beds of argilolite have been cited at Schanm-. 
berg, (i. e, of the roj;k which, in some places, forms the 
paste of the porphyry), as appearing to alternate with the 
trap rocks.f I have moreoyer observed, in some trap rocks 
in the enyirons of Mont Tonnerre, rocks of a reddish coloiir, 
which might be offered as indicating a passage into porphy- 
ritic rocks ; lastly the copper ore that has beei| worked io 
this porphyry, may also be noticed as indicating another re- 
semblance between this rock and the trap, in which copper 
so frequently occurs, that its name has been given to it. 

But on the other hand it should be considered that the 
porphyry and petrosilez have no wherie been observed in 
beds in the coal measures, or trap rocks ; that they, on the 
contrary, form entire mountains or considerable masses of 
isolated rocks, and that it has been observed at Creutznach; 
that, independently of the great height of the escarpments 
which confine the vailley, the porphyritic rock was, at the 
bottom of this valley, more than jSO metres fabout 197 feet] 
thick^ without the imixtnre of any other rock; that the posi- 
tion ^{ ihese piorphyritie masses with regard to each other, 
does 'not permit us ^to regard them as parts of thick, 
beds interstratified with the other rocks; lastly, that jn 
every place where a distinct superposition can be ob- 
served, the porphyry occui'S beneath the red sandstone, the 
coal meaSfires, and even the trap ; and as it appears to me 
that more weight should be given to facts than to vague or 
probable inductions, I also consider that the porphyritic 
rocks should be regarded m very probably anterior to the 
coal measures and trap rocks, and consequently as constitut- 
ing the most undent of all the formations we are acquainted 
with in the Palatinate. If this be admitted, it becomes also 
probable that the different porphyritic masses situated on 
the £. of the trap band, belong to ^ single formation, on 
Which rests the whol6 coal basin of the Glape. 

The conclusions to which the preceding observations have 

i Steinheimer, Geognostiche Studiea, &c. p. 83. 
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led as, onlj making the geological 'SiDgularity presented bj 
the saline Springs of Creatzoach the more striking, I con- 
sider it interesting to add a few words on other saline springs 
situated in the eastern part of the Palatinate, but which 
offer with the springs of Creutznach, equally remarkable 
differences and analogies ; I speak of the springs of Diirck- 
heim, which also feed a very considerable saUne^j placed 
near the town of that name, at the foot of the eastern slope 
of the mountains of the red sandstone of the Vosges, and on 
the edge of the great yalley of the Rhine, the surface of 
which is composed of more recent rocks. The position of 
these springs appears then, at first sight, to place them among 
common salt springS| and particularly those of Relchinge, 
of which mention was made at the commencement of this 
notice. The pits, in which the salt water of Diirckheim is 
collected, are cut across the sandstone, and yet this water 
bears a great resemblance to that of Crcutznach : it is still 
more slightly salt than the latter, and contains less than a 
hundredth part of muriate of soda : it contains besides only 
earthy muriates and a little bitumen^ without any trace of 
sulphates. These resemblances lead us to presume that the 
springs of Diirckheim rise from beneath the red sandstone, 
and probably from the same porphyritic rock as those of 
Creutznach. 

I have above noticed the saline springs which rise from 
the coal measures, an uncommon position for these springs, 
though much less singular than that of the porphyritic rocks. 
I shall lastly notice, but solely for the sake of comparison 
with the known facts of Creutznach and diirckheim, another 
spring of the same kind, also very, weak, which flows over 
the ancient slates of the Hiindsruck, near Brodenbach, on 
the banks of the Moselle, 4 leagues to the S. of Coblentz. 
M. Calmelet has noticed ivfo others at.Salzig near Boppart, 
and at Hoffelt near Barweiler. See Journal des Mines, No. 
146. But not having visited these two localities, I know 
not from what rock these springs appear to rise* 
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IN a report that I made to the Academy of Sciences in 
1819, 1 was led to present a collection of facts I had brought 
together, m order to draw the attention of naturalists to the 
remarkable assemblage of circumstances which accompanj 
. each kind of rock in very distant countries, and under very 
different latitudes and meridians. These interesting resem- 
blances, which had not as yet been offered, at least in so 
complete and evident a manner, which were in a great mea- 
sure due to observations as yet unppblished, formed bi;t a 
sketch then too little finished, for publication. 

Bnt I have since then taken up some of the subjects con- 
tained in this general sketch, and I have endeavoured to de- 
velope them, and offer proofs sufficient to confirm X\\q results. 

The organic remain that was the cause of these remarks, 
was a trilobite sent from North America by M. Hosach : 
this remain of an animal of the crustaceous class, presented 
a species and position resembling those observed in Europe. 

To the use that may be made of organic remains in* the 
determination of formations I now return, by applying it to 
another class of rock, to one which forms part of our coun- 
try, but which, more ancient than that which forms the 
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surface, often dips beneath it. This rock is the chalk. Mj 
object is to shew the organic remains contained in it offer 
characters sufficient for recognising it in situations very 
distant from each other, when those drawn from its consis- 
■ tenet, stratification, colour, &c. have disappeared, and when 
its superposition is cither obseufe, uncertain, or difficult to 
be recognised. 

It should be recollected, that the mass of rock referred to 
the chalk formation, is divided into three sub -formations ; 
the upper or white chalk ; the middle, which is grej chalk 
or craie-tttfau ; and the inferior, or chalk mixed with green 
grains, which M. Berthier has determined to be silicate 
of iron (fer silicat^) with water, and which I shall name, 
considering it ai a mixed rock, glauconie crayeuse. It is 
the green sand of the English geologists.)* 

These thre* 4ivi&ion£ of chalk contain fossil organic re- 
niuns, which are generallj different in each sub-formation, 
but th§r#areal the same time some which are common to all. 

§ I. Vakk§ «/ Uoologkal ckoraUers m geology. 
Among the different chalk rocks I am abput either to cite 
or describe, manj will without difficulty be regarded as 
belonging to this formation ; some are eyen generally, recog- 
nised to form part of it ; to these last I shall only add zoo- 
logical proofs to the g^ologi^al resemblances that have already 
been established, 

I shall also re^r this formation to places in which until 
lately, chalk has not been recogni9ed, in which this rock 
is so much disguised, that I shall have some difficulty in 
causing its analogous fonaation to be admitted with the in- 
ferior or chloritouB chalk (greea sand)^ to which I consider 
it may be associated. In one of these situations the mine- 
ralogical charactert entirely disappear, the geological posi- 
tion i^ obscure, and the zoological characters alone remain. 

^ Frem this it would appeu; that the upper or white chalk of M. Brong- 
nifirt, is our flinty or upper t;halk, with most probably our white chalk 
without flints or lower chalk; that his middle chalk is our grey chalk, 
and perhaps chalk marl, and that hia.iQfcrior chalk or glaucoine cray. 
•use, is our groeu tiaud. (Trans,) 
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Before then I employ thera alone and as, roost important, 
their vakie should be again examined. 

It had long been remarked that differences were almost 
always found between the shells that now live in the seas, 
and those found fossil in all countries. This has been con- 
firmed bj a more detailed examination, and has gradually 
led to another rule, that the deposites of organic remains 
buried in the beds of the globe have been formed, as it 
were, in -successite generations, so that all the debris of the 
same deposite possess with each other a certain sum of re- 
semblances, and with superior and inferior deposites a gene- 
ral sum of differences; it has been also thought that the 
latter sum becomes larger^ or the differences greater, the 
more these depositee are distinct, or at greater distances 
from each other in a vertical direction. This rule, at first 
laid down timidly, and only for certain localities (as should 
always be done when rules are to be established which can 
only result from the ohserration of numerous facts) — this 
rule, I say^may apparently be applied to all places observed 
in different parts of the globe, and to all the organic remains 
buried in its beds, whether they belong to the animal or 
vegetable classes. Up to the present time, the objections 
that have. been offered have either vanished before a more 
scrupulous- examination, or have been explained by the dis- 
covery of peculiar circumstances that haVe given rise to 
fhem. This niie^ reduced to the general exposition of it 
we have just given, does not appear to be susceptible of any 
real objection, and all geologists are now agreed that the 
generations of organized bodies which have succesfsively In- . 
habited the surface of the earth, differed the more from the 
present, ia ; proportion as their remains were found buried 
deeper in the: beds in the earth, or what is nearly the same, 
as they lived at epochs farther removed from the present. 

Consequently if no other difference were observable in 
the beds which compose the crust of the globe than the dis^ 
tinct succession. of generations of organic bodies, that alone 
would ha sufficient to establish (as has been remarked by 
M. Cnvier) that this crust has been formed in successilre 
depositions, at different periods. 
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But this character of sticcessioii In the formation of 
the beds of the earth, Is frequently associated with other 
remarkable differences, sach as the nature of the rocks, 
their structure on the great scale, their acknowledged order 
of superposition, the minerals that accompany them, &c. : 
now these mineralogical differences are almost always in 
accordance with the characters derived from the general 
resemblance of the organic remains in those deposities, 
which are regarded as of the same formation from their geo- 
logical characters, and they are found yery generally in 
accordance with their differences in the Inverse case. 

Yet there are cases In which these two classes of charac- 
ters, without being In manifest opposition, no longer accom- 
pany each other. 

These cases occur in the two formations I am about to 
refer to the chalk. The question then is, to which of the two 
characters we should give the preference, in order to deter- 
mine the epoch of formation of the- rock, which no longer 
presents them associated together, that is to say, to answer 
the following question : 

5^ When in two rocks, far distant from each other, the 
rocks themselves are of a different nature, whilst the organic 
remains are analogous, should we, from this difference, re- 
gard these rocks as of a different formation, or should we, 
from the general and properly determined resemblance of 
the organic remains, consider them of the same epoch of 
formation, when the order of superposition does not evi- 
dently oppose itself to this conclusion ? " 

We must not forget that one of the principal objects of 
geology, is to distinguish the different epochs which have 
succeeded each other in the formation of the globe, and to 
determine which are the rocks that have been formed at 
nearly the same ep^ch. Now, it will be acknowledged' 
that rocks of very different natures may be formed at the 
same time, almost at the same moment, not only in different 
parts of the globe, but also in the same place. 

We cannot but admit a conclusion drawn from facts which' 
we have under our eyes; for all that now occurs on the 
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surface of the globe certainly belongs to the same geological 
epoch, which conpmenced at \he moment our continenty 
tool( their present forms i and although this epoch does not 
furnish instances of geological phenomena on a ^rand scaLje^ 
and we meet with bat few cases ^f the forn>ation of |ie\f 
rocks, yet they are sufficient to shew us, for example, tjbat 
the argillo-trap rocks formed by YesuTius, . and most of onr 
volcanoes, the calcareous rocks formed by many of onv 
springs, and the siliceous rocks formed by some others, (those 
of Iceland, &c.), are roineralogically very different frofn 
each other ; but that the organic remains they envelope have 
all the common character of the generation established oa 
the earth since the commencement of this epoch. > 

It is not the same with respect to the generations of or- 
ganized beings : they may be destroyed in an instant; bust 
it certainly requires considerable time to recreate tbeqaso 
that the)r be developed in the number and variety in wMch 
they are usually presented to us. This developement sup- 
poses a long series of ages or at least years, which establish 
a true geological epoch, during which all the organized 
bodies which inhabit, if not the whole surface of the globe, 
at least very extensive parts of that surface, have acquired i^ 
certain character of family or epoch, which cannot be de^ 
fined, but which cannot be misunderstood. 

I then consider the characters of the epoch of formation 
drawn from the analogy of organized bodies as of the first 
importance in geology, and as superior to all other differ** 
ences, however great they may appear. 

Thus when tfie characters derived from the nature of thii 
rocks, and what is of least value, of the height of the rocks^ 
of the formation of the valleys, even the dip of the beds a,D4 
the greatest non-comformable stratification, are opposed to 
that which we derive from organic remains, I should still 
give the pceponderance to the latter ; — for all these circum^ 
stances, all these differences may result from an instanjlair 
neous revolution or formation, which does not, in ge^lc^^ 
establish a- special epoch. Without endeavouriog tp: provitt 



9t0 M. Bron GWiART Off the imparUmee 

this principle bj longer discussion, it will be sufficient to 
cite one fact: The rocks of Calabria have been, daring 
thirt j*eight years, the theatre of terrible disturbances ; ho- 
riiontal beds hare been 9%t on their edges, entire masses of 
locks haTe been transported to a distance, and have been 
placed in unconformable stratifications on other rocks, and 
DO geologist has proposed to consider these masses and rocks 
as of a different geological epoch. Circumstances of greater 
▼alue, much more general plienomena, and periods of longer 
duration, are required for the change of organized beings. 
The rocks of Calabria suffered, in a short time, de^nge- 
ments «»hich maj be compared to those obserred in the beds 
of the Alps, but during five or six thousand years organized 
species have not manifested any appreciable change in their 
form and other qualities. 

Yet I do not pretend to state that characters derived from 
the rekitiTe disposition of beds (but not the evident super- 
position) (superposition evidente), their nature, &c. should 
not be employed, even with confidence, by geologists, to 
determines different epochs of formation ; alone or united 
with those derived from the organic remains, they are of 
the greatest value ; but I consider, and I think that I have 
good reasons for this' opinion, that when these characters are 
opposed to those drawn from the presence of organic re- 
mains, the preference should be given to the latter. 

It must be confessed that much attention and caution 
should be used in the employment of this character. I am 
not ignorant that the influence of horizontal distances or 
climates on specific differences should be distinguised and 
estimated ; that we should learn to appreciate the apparent 
and sometimes real resemblances that some species present 
in very different formations, and which have possessed the 
rare priyilege of surviving the destruction of their contem- 
poraries ; and to continue the same amidst all the changes 
which have taken place around them : — I am not ignorant 
that we should also learn \o recognise the indiTiduals torn 
from other rocks, and transported by certain causes into 
newer rocks, and to distinguish them from those which have 
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lived on the spot, and at. the period wken the species to 
which they belong were characteristic. 

I am aware of all these difficulties : I am on my guar^ 
against these causes of deception, which introduce the un- 
certainty and difficulty which we jmeet with in other sci- 
ences, into geology, apd which reqnire continued attention 
and labour from the geologist, so as with discernment to 
choose the species from which he should derive his charac- 
ters, and attach their true value to them. 

I have then examined with all the attention that circum- 
stances have permitted, the influence of these different 
causes on the structure of the chalk rocks, of which I am 
about to speak. 

These rocks are so singular that I considered it neces* 
sary to precede their description by the general consider- 
ations above brought forward, and to prepai;e naturalists fo^* 
recognising as chalk a hard and black rock which occurs at 
a height of more than 2000 metres [6560 feet] on the sum^ 
mit of a mountain so difficult of access at certain periods, 
that I have been unable to attain the point where it is 
found. . •> 

But before I proceed to the determination of this singular 
chalk, I shall examine some others, whose differences being 
less singular, will lead us less suddenly to that with which I 
shall terminate this notice. 



§ 11. Chalk of Rouen ^ of Havre y and of the Coast from 
HoT{fleur to Dives. 

A hill named St. Catherine is observed near Rouen, at 
the eastern entrance to the town ; this steep hill presents 
the union of the upper white chalk with the crate tofau and 
the inferior chlorite chalk (green sand), and leaves no doubt 
as to the identity of formation of these two rocks } but these 
last contain a great quantity of oi^anic. remains, which diffl&r 
from those found in, the white chalk. This union of cir- 
cumstances is very favourable for observation, and we pre- 
slent it the first, because it affords us the means of referring 



.•r -I 



24S M. BRoiTGKtABT'mfle 

rocks to the chalk fbimatioii^ which al first right appear 
Tery different from it. Thos only the two last chalks are 
seen at Cap de ia Heye, near Hatre, at Honflear, &c. * 
This inferior chalk is the same with that ohserved in Eng* 
land hy De Lnc, between Beachy Head and Sea Houses, on 
the coast of Sussex, and so well described by that geolOgist«f 
This chalk does not differ from that which Mr. William 
Phillips has obsenred to the W. of Calais on the coast of 
France, between Sangatte and St. Pot ; and which appears 
to correspond exactly with that of the English coast between 
]>0¥er and Folkstone. In both these sitaations^ as in many 
other places, the white chalk and craie tufan are separated 
from the glaoconie craieuse (green sand of the English geo- 
logists) by a bed of bluish clay marL ^ . Among the fossil 
shells which occur In these chalks and which apparently 
characterize them^ I shall mention the following, as coming 
from the three places I have just noticed j i. e. Rouen, Havre^ 
Honfleur, and even the continuation of this coast to Diyes. 

Oiganic remains of the craie tnfaii and green sand (gfam* 
conie craieuse) of Rouen, Hayre, Honfleur, the enyirbns of 
Uyes, &e. 

Nautilus simplex , . .Sow: Rouen» 

Scaphites obliquus. ,Sow : (pL viiL fig. 4.) | . . . Rouen, Brighton. 

. .^ • o (Rouen,Havre,whereit 

Ammonites varians .Sow: ioccuw of a la^e size. 

inflatus Sow : Havre. 

r Rouen, it acouires the 

rothomagensis. Defr : (pi. vi. fig. 2.) . . 4 • . ^ size of more tnan a de- 

^^ametre. 

* I have myself observed the structure Of tiie hill of St. Catherine, and 
of the cliffs from Honfleur to Dives ; but I am indebted to M. St. Brice 
for a great part of the shells from the fomier place. All I know con- 
cerning the. structure of Cap la Heve I owe to M. Audoutn* 

f Geological letters to Blumenbach, p. 200. 

X Transactions of the Geological Society. 

II The Plates quoted in parentheses are those of the new editi on of 
the Description gieologique des environs de Paris, iu which part oi 
this memoir is inserted. 

The initials Defr. represent DeFrance. 

A. Br A Brongniart 

Sow. ........ Sowerby. 

Lam. ........ Liamark. 
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Ammonites- Coupei . A. Br : (pi. vi. fig. 3.^ . . . . Rouen. 

Oentoni Defr: (pi. yi. flg. fi.1 . . . . Rouen. 

Hamites rotundus . . Sow : (pi. vii. fig. ^) . • . . Rouen. 

Tuinilitet oottiitns (pL vii. fig. 4.). ; . . Rouen, Havre. 

Turbo ? Undecided interior casts . . . Rouen. 

r Interior casts which may*^ 
t apparently be referred to 

m,.^v,.- J *"e trochus of the Perte du « ^^ 

^^^°**'*" > Rhdne known by the names >R<»«^"- 

I ofT.GurgitisyRhodaniyCir- 
^roides. ^1. ix* Qgs. 7. 8. 0.)^ 

Cassis aveilana .... A. Br : (pi. vi. fig. 10.) . • • . RoueQ. 

Podopais tnincata . .Lam : (pi. v. fig. 2.) . . . . J^ToSI*?''^''''^ ^"^ 

^-— striata Lam : (pi. v. fig. S.) . ^ . . Havre, Brightoa^ 

Inooeramus concentricus. . . (pi. v. fig. 11.).... Rouen. 

^treacarineta ....Lam: (pi. iii. fig. 11.).. Havre. 

. peotinata . , . . .Lam : • Havre. 

Grypheea columba . . Lam : (pL yi. fig. 8.) . . • . Havre, Blanc Longleat. 

Havre. Itjippears 
Peeten qoinquooostatus. Sow: (pi. iv. fig. 1.) ' " ~ ~ 



[slightly to differ from 
that of'^the white chalk 



intextus A. Br : (pi. v. fig. 10.^ . • . . 

asper Lam : (pi. v. fig.- 1.) . . . .' 



— — 4ubi<i8 

PlagiostomaMantelli A. Br : (pi. iv. fig, 



Dofir: (pU iii. fig. 9.) ... . 

3 1 
.1 .... 



Trigonia 



^ Rouen. 



Havre. 
Havre. 
Roue9. 
The coast of Dover. 

Rouen. It occurs in 
the craie tufau close tp 
the white chalk, and 

PUgiortoma .pinosa Sow. (pi. iv. fig. 2.) . . . . <! irfem'^r".^* 

which belongs to the 
latter rock. Brighton, 
L&c. 
An injtecior oast which ap^^ 
parentiy indicates a species 
. near !>. scabra. Lam: or 
I Tr. striata. Sow : which 
I may be the same species, 
^pL ix. fig. 6.) . 

r Interior casts which appa-"^ 
Crassaflella ...•..< rently indicate stfiaW species > Rouen. 

Co( this genus. j 

Terebratula^semU ) g^^ ^^^ ^^j j^ ^^ j ^ j^^^^^^ ^^^^ . 

— — g^lina .'•..... A. Br : (pi. ix. fig. 2.K . . . Havre. 

-! — >aj[at4.4 Ijeaat (pi. iv. fig. 6.) . . . . Havre. 

— pectita,....»..6ow: - (pi. xi. fig. 3.) . . . . Havre. 

— 9cWpUoRtai. ..^ (pi. iv. fig. 8.) . . . . Havre. 

Cidarites variokria.. A. Br : (pi. v. fig. 9.) . . . . Havre. 

Spatangu» Bufe ... .A. Br : (pi. v. fig. 4.) ... . Havre. 

-~ suborbicuUri..Defr= (pi. v.^ fig. 6.) .••. |.S.«v^:rfS;t«f 

« 2 



Rouen, & in the craie 
tufau ot many other 
"aces. 
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§ III. CAa^ q/'^Ae environ$ o/Pjerigueux and Bayonne. 

The chalk has been obsenred to end, on the south of 
Paris, at th'e southern confines of the department of the 
Indre. It really ceases, there, for the roc&s which succeed 
it are inferior to it; but when, proceeding to the S.W. these 
older rocks are passed oirer, the craie tufan is again found in 
the department of the Dordogne, in the environs of Peri- 
gueux, and especially on the west of that town. The higli 
and steep hilb which border the rhrer Lillefrom Perigueux 
to the place named La Massoulie, are composed of sandy 
and often micaceous grey chalk, i. e. of craie tufau which 
occurs in an immense mass without any distinct strata 
throughout the greater part of its extent; stratification is 
however indicated by seams of black flints which divide it 
into numerous beds. These flints, which belong rather to 
the yariety ' we have named silex com^s (splintery horn- 
stone) than to true flints, are^ as we have elsewhere stated, 
characteristic of the craie it^fau^ into which they seem to 
pass. 

The shells which this chalk contains are numerous in some 
places, and although I observed this hill very rapidly,* I 
was able to collect the following species : 

List of some shells of the craie tufau in the environs of 

Perigueux. 

Nautilus Pseudopompilius. SchlotheiAu 

Trochus. indeterminate inte- 

i nor casts. 

r The individuals aie 

i smaller, & resembre 

Ostrea vesicularis. ......... Lam. (pi. iii. fig. 5.)^ those of Luzarche, & 

I the latter the small in- 
^ di viduals of Meadon. 

Grypbsa auricularis. ..... A. Br. (p(. vi. fig. 9.) 

' Although I have only 
seen the interior sur- 

Pl.gio.tom.spmo.* ..;... Sow. (pUv. fig.8.) |«f^-„^^^5J^f 

rectness of this deter- 
^miiMtion. 

* I visited this place in 1808, and then observed the chaiaoters of th» 
craie tufau formation. 
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' ProceediDg still farther soath, the chalk fotiiiatioD is foand 
IB places where It has not until now been noticed. I do not 
hesitate to refer the grej, hard, sandy, and micaceous rocks 
which form the base of ground in the environs of Bayonne, 
and especially the coast and rocks of Biaritz, to this forma- 
tion. It was in 1808 that I conceived this idea on the epocli 
of formaticm of this rock. The subsequent examination 
that I made of its accompanying circumstances, of its re^ 
sembiaRce to some varieties of the craie tufau, and the 
SjpataDgus that comes from the environs of Bayonne,' which 
I have named, from M. Defrance, spatangns ornatus, and 
of which I have given a figure pi. v. ^Lg. 6, of the Des- 
cription geologique des environs de Paris, fully confirm me 
111 the opinion that this rock should be referred to the craie 
tufan. It occurs as a continuous mass, In which distinct 
stratification cannot be recognized but by means of the 
different degrees of solidity of the parts composing it ; in 
fact alternating zones are observed in it of a greyish, argil- 
laceous, .or sandy limestone, easily decomposed, and a hard 
limestone, as it were divided into a suite of irregular nov 
dules, which project on the surface of the escarpments in the 
same manner as the flints in the white chalk. 

This mass contains numerous remains of fossil shells, 
which it was impossible for me to determine, hut among 
which I recognized echinites, the spatangus omatus, and 
8p. bufo, to occur. I did not observe any ieimmonite. 

Notwithstanding the specific differences which many of 
these shells bear to those of the chalk, the mass of resem- 
blances teaches us that they approach the species that theii 
existed^ more than these of any other epoch. 



§iy. Chalk of Pohnd. 

X, I shall, out of the vast extent of chalk in Poland, select 
three points at a distance from each other, on which I poSf- 
»fiS8 ipertain dat^. 

The two^rst are in the environs^ of Grodno in Lithuania^ 
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and of Krzeminiec in VdhfaikL The bUOk is tfiere wkHe 
lilDB that of Meodoa ; it oontautB like it blaik ffittts, belta*' 
niteB, (but apparently of a different speoieli)) Maiitei tfif*- 
garii, plagioitoma spinosa of Soweriiy^ and prbbabl/ otlfer 
organic remains, whicli tlte fbw specimeiM we poM^M do ilot 
permit me to recognise. 

It appears that all tlke.clMdK of Poloiid prHenli the tiflne 
resemblance; for Mr. Btickbmd, who o1»9^i^ed it if| |))ace^ 
wr6te toe in 1830, that, ^< the chalk on which the castle eC 
Cracow stands, is precisely similar to that oC Meudon, fall : 
of echini and flints : it is perhaps a little Jialykn I hate 
not seen the piasth; olay in coHttcty bnt I luive observed 
shdls iA the toilectioniB ^ CraeoW) which resemble those . 
of the cilcaire grossier^ bind sub-afypennitie nHNiAiains, which 
Were said 16 have been found at a. short distance to the N^fi^ 
of Cracow ; I haVe no doubt on the identity of the two 
formations.^' 

S V. Green Sand of the Pefie du Rhimp nemr Beiie-, 

gard^. 

Two very different rocks are observed at this remarkable 
place : the Inferior is a compact, fine, grey, and yellowish 
limestone, disposed in regular and nearLy horizontal strata, 
which at first sight shew no organic remains* Be S^ussore 
observed this circumstanpe, and assures us that none were 
ever found in it ; extensive and numerous cavities occur in 
this compact limestone, through which the waters of the 
Rhone are precipitated* 

Between these beds, and probably even beneath them, 
marl beds occur, as throughout the Jura, very different from 
the limestone I have just mentioned, and which contain a 
great quantity of shells. I am only acquainted with these 
fossil shells from the statement of M. Deluc, and the speci- 
mens he has sent me ; but the species of these fossils, and 
the nature of the accompanying stone, establish the greatest 
resemblance between these marl beds and those Intefposed 
in the midst of the Jura limestone. 
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Thi& rock appearing from its position altogether jfbreiga 
from tbat which principally occupies me^^ it will suffice to 
notice these shells by a name and a figure^ so that we may 
possess the means of describing these characteristic shells j^ 
but it is my intention to unite the history of their assodation| 
and their description^ with that of the; shells which t^cfong 
to the Jura limestone, and which will be the subject of 
another work« 

The organic remunS which I shaU content myself by po^. 
ticing in this memoir as characterizing this formation in the 
Jnra, and many other places, are the following : 



Strombus Pelagi . . . 



C A. Br. (pL 8 of this work* 
1 fig. 1. A. B. C). . 



(ib:i8g.2. A,B.). 



(ib. fig. 3. A. B.) . 
(ib. fig. 7. A. B.) . 



■ Ooeani A. Bh 

— — Ponti ...,.,.... A. Br. 
Cardiuxn Protei. A. Br. 

"^.iffT ^'} A- Br. Ob. fig. S; A. B.). 

I 

^ISrtS.^!?!!!!!!j a. Br. (ib.fig.4. A.JB.). 

Bon^tetf SftuisnH ... A. Br. 
•^ — Alduini ........ A. Br. 



(ib. fig. 5. A. B.) . 
(ibu fig. 6; A. B.) . 



SpsUmgus oblongus.. . Delua (ib. fig. 9. A.B.C.) < 



I The Perte du Rhdne. 

In an argillaceoufl 
tnarl absolutely thft 
same aa to ciolonr ft 
position, at Cap la 
nSve near Havre, & 
in the 4ura. 

With the preceding. 

In the same places. / 

In an argillaoeoite 
marl at. Cap de St; 
Hospice near Nice, ^ 
at the Perte duRhdng. 

^ In the marls of th^ 
Perte da Itii6ne, and 
in the upper politic 
or coimpact limestotie 

< of the Jura; ofligny, 
dep*. of the Meuse: 
of Soalaine, dep^ or 
the Aube; of Gondr^ 
ville,niear Nancy, &c. 

Tliel^rteauRhdnfe. 

Cap la Wvt. 

'•From the Perte da 
Rhone & the areilfa- 
bebtts ifalirls of thib 
same position which 
are behind the town 
bfNeitfchAtel. 



The greater part of these AeUs are interior casts, 
which have very well presenred their forms and character* 
ifitic /SaUelit parts^ so that they miiy be determined witK 
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Bofficient eiaetftade. There are alia fetmd in the same 
rocks belemniteS) aminonites^ trochi, tcrebrft, serpttls, 
smooth and striated terebratale, &€• the eomplete ennme- 
iation and exact detenninaticm of whi^h woald carrj me too 
far from the principal object of this memoir. 

The greater part of the preceding sliells are from the place 
named the Perte dn Rhdne ; but they are not from the rock 
analogous to the ihferior chalk (green sand) which rests 
upon it. 

This second rock| 'which is above that we have jast 
noticed and tb a certain degree characterised , possesses a very 
distinct and nearly horizontal stratification, dipping slightly 
to the S.E..; the thickest lower bed is composed of a yellow- 
ish limestone^ pftea shaded or yeined by yellowish argillo- 
ferroginoQS portions : it appears composed of an immense 
mass of lenticular stones^ which were at first taken for nam- 
muiites), or a multilocular shell, but which have since 
been recognised to be small madrepores, to which M. de 
Lamarck has given the name orbitolites Jenticnkta* Above 
are alternating strata of marly limestone and sandy clay 
mixed with the green grains which are cdnstaiitly found in 
the lower parts of the chalk . 

This rock conh^ns numerous organic remains, the resem- 
blance of which to those-of the green sand (craie chloritee) 
struck me the first instant I saw them* This resemblance 
long since struck M« Deluc (the nephew), and he re- 
marked it to me when we examined in his collection the 
pnmerous oiganic remains pf this rock, which have been 
assembled by his uncle and his father. The analogy is still 
more complete and apparent, when, as he has done, these 
fossils are placed by the side of those of Folkstone in Engr 
land, which come from the green sand ; but they were still 
more .decisive when I was enabled to coinpare these shells 
with those from Mount St. Catherine near Rouen. Yet 
these relations are more real and easier to seize from their 
general features than from a particular examination of these 
bodies. Thus nearly the same genera are fonnd in these 
three situations, and the species so resemble each other that 
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to percoife their difference they must be placed close td- 
gether J some species are perfectly identicaU The follow- 
log qofnparative Ibt, derived from the shells which I obtained 
IB great . numbers on the spot, and fft>m those collected by 
Messrs Oelnc since 1750, which hare been obligingly sent me 
by M. J. A. Delnc, willsnffice to give a precise idea of these 
relations^ 

Oiganic remains of the green sand of the Perte dn Rhdne^ 
near Beilegarde: 

B^leomiteft ... r ..•«'• •Undeterminable. 

rProm Rouen & Havr& 
..it gteatly Varies til 

Ammonite, iniku, . . .go*, (pi. vi. Ilg. 1,) . ., . - STuT^h^HT^ 

▼ery sendble in smaU 
.. (^individnalk ; 
Deluci... A. Br. (pl^vi, fig.4L),... 

canteriatua ...... Defr. (pL ti. fig. 7.) .' Collection of Delue. 

ofDelnc It 

«.iH»i..,t» . . , . .peiub (pL vii. «,,; la) . . ^?;7riS.tlSd* 



^1* VI. ng. f.^ v/oiiecuG 

r CoUec. 

(stone. 



— -B«iidanti....,.;A.fir.(pl.vii.fig.lO.)....ColLorD^ci '^'^*, 

CFrom Rdnen. These 
Hamites rotundua .... Sow« (pi, vii. fig.^.) . , , J are ordioceratitw 9IS 

(^De Saussure. 

^— r* fiinatiis ,. • • • y . ; . A. Br. (pi, vii. fig. 7.) ...'.. Coll. of 1[)eluc ' * "• 

— -— cahteriiitus'.. . . . .A. Br. (pi. yii. fig. 8.) . : .'. .Coll. of Delbc 

Turrilites Bergert .... A. Br.. (pL vii. fig. 8.) /. . . . CoU; of Dehic. ^ ■■'' > 

Trochus Gurgitis A. Br. (pL ix. fig. 7.) ..... Coll. of Delua 

Trochus I Bhod.nl . . .A. Br. (pi. Ix. Up. 8.) . . . JJeJ'otJriKQrSf" 

SThe cast of this shfall 
Brighton. 
CKi Rouen also. "Ipiey 

C««.avell.B. ......A.Br.(pLyi; fig- «>)... jS^'^jftT^^d^ 

(^pullaris.' 

Ampullaria ? .An indeterminable interior cast. ' 

Ebnmal .,;.•..,.',.,,. i............ . '^ 

Ceritbium eKcmy«tum .A. Br. (pi. ix. fig. 10.}. , . . ; Coll. of Deluc, < • 



i!»^ktto«q«fai .'.;.; A.Br. (pLiz.%.ll.>..;^ 



"Coll* •f Peine Tbeta 
are tiie' eliells notlcea 

•uie« I consider tbui. 
gryphite as of the 
■me upeeiei aa that 
fomid Hemic Rochelle^ 
(^g.ll. C) inarock^ 
vfieh .irtiBo Jbem» m 
great analogy to that 
.of the craie tiifi&n. 

r ColL of Deluc. At 
fMteii ij[Uinl|iiecoiati»8oiF. (pLiv. fig. l.);^.-. < Rouen, H«vre> & alt 
"^ C<^^1<^ rock^. 

lima or Plagiostoma pectinoides. . Sow* CdH. df I^Iuc. 

Spondylus ? Strigilis. . A. Br. (pi. ix. fig. 6») . • • • • . Coll. of Deluc. 

• • • • • • • • 

A::;^^:. ^^■^■^■^i VLam. Park. Organic rem»> /, ii e-r^x 

l_***iifc ^.^ ■ i«^vm«;ii<^pU«3T.fig.KlColLofD(Blwv 
^w^MMMPft .j.'i.i. J (pl.ix:fig.5.) $ Rouen. 

Inoeeramu^ conceiitric«8Park.(pl. vi. fig. 11.)... Folkstone and Rouen. 

sttlcatus ..Park. (pLiH. fig. 18.)...* Folkstone. 

r This'tpteiea li well 
, ' , I characterized, & dif- 

liltfanft bvxgitis . • * , i A. Br. (pL ix. fig. 85.). . . < fers from Uiat found 

I in tiift ioailft bf the 
' Oura limestonep 

l^retxnitula GalHna ... A. Br. (pL ix. figk 8.) . • . • . . Coll. of JDeluc 

^ ' ' ornithocephala*. .Sow 

6p«taDgu8 Uetis Deluc, (pi; ix» fig. 18.) . . • ,€>oU« df Ddloe. 

C Hie same with those 
Cidantes taii<teit ; > . A. Br, (pt v. fig. SL),;* • xfoimd in the greeui- 

CBAnd of Havre. 

• Thib tost gives os^ at we have said«^ Doineroas sbellt of the 
chalk epoch^ but it does not afford ns aoj shell either of the 
ioferior or older rocks^ or of the upper and newer rocks. 

These considersltioBS are sufficient to lead us to the con- 
closion^ that the green sand resting on the Jnra limestone at 
the Perte da Rh^ne beloags to the iofeijor chalk formation; 
that this rock, analogous to the green sand of the Eaglish 
geologists^ as they themselves admit, is seen almost irnme- 
dratelj in contact with the fine compact Jura limestone^ 
Mid that it is only separated from it bj iao ar^illnceou^ marl, 
ft disposition analogous to that observed in France, at Cap 
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IsflAre^ HoAfleaf, and Dives, &o. and in Ei^landat Tets- 
wdrtb^ fcc. We might increase the* number of analogies by., 
comparii^ the lenticular i;ock, penetrated hy oxide of iron^^ 
vibich de Samsave describes as a trtae iron ore, to the iroa 
sand (sable ferrugineux), which often occurs in beds of* 
greater or less thickness beneath the green sand. 

ThoS) notwithstanding the very considerable distance of - 
the places ; notwithstanding the different form of the rooun* 
taifis and rocks ; notwithstanding a few mineralogical dif- . 
ferenceS) the yellowish calcftreo-fermginops rock mixed with^* 
greenish gnuns of the Perte da Rhone, presents,^ it may be^ 
si^d| a complete analc^y to the green sand of the Dorth of; 
France and the S*£. of England, for the characters of the ^ 
associated rocks, minerals, and snperpoution, agree witk^ 
those afforded by the organic remains in establishing thia^ 
analogy of formation. 



^ VI; Formation of the cMk ^och in the Buet chednj 
and a comparison of this rock imth thai of thmtramitUm 
clAsi in the MoMagne ds» Fit. 

We are nowntrlTed at an approximation that appears 
ramch more extraordinary'^-HHie that I should still offer with 
hesitation (for tn)r mode of considering this subject dates as 
far back as my Swiss totfr in 1817)^ If my opinion had not 
been confirmed by that of Mr» Buckland, an opinion which 
that geologist entert^ned nHi^ he passed through Paris In 
the end of 1820, and Which he has published in the Ahnals 
of Phil6tophy, for Juiie, 181 1, 

A chaifi of elevations extends from the suintnit of the 
Bttet (hi ^the Saroy Alps) which apparently constitute i 
depeudc^ce on it, and irhich are remarkable for their bhick 
Gl»leilr, IM* their fbrm, which is often jpfecipitous on oik^ side, 
with a more or less rapid slope on the other, for their rery 
considerable eletation above the level of the sea, an ele« 
vatibn whfeh amounts to iSOd nietres [8200 feeij. 



Sfe^ M.Bno^QmAnr on tke. ' 

' The principal itioiiiitains 4o which the felknriiig statemettt 
nmj he applied, are the MoDtagne de Varenii, the Deatde 
SfoKle, the Montagoe de Sales, and the Rocher des FIs Id 
the'rallej of Senoz:* I shall speak principally of the 
litter. 

The Montffgne des Fis, crowned by the rocks of the -same 
name, precipitous towards Senroi for a consideralile part of 
its height, and covered by the debris of the npper parts, \b 
composed of numeroasxbeds, which, from SerrcKs, -appear 
■early horizontal, because they incline from S.E. to N.W. 
The rocks forming these beds are cakareoas and schistose, 
mixed with bomstone and ftinty slate ; they belong, as I 
lia^e elsewhere stated,f to the transition class. Biit the 
descriptioB of- the rocks composing this mountain ha^ng 
been foreign io the memoir in which I mentioned them, I 
omitted it. I shall thprefore insert it here, in order better 
to expose the mineralogical and zoological differences that 
are perceptible between the base or lower part of this monn- 
t^in, which belongs to the tnmsition series, and the upper 
portion, which I refer to the chalk foniiatioo* 

The Mohtagne des Fb, from its base in the valley of la 
Diosa, opposite Senroz, to that part of its summit which I 
visited, is xomposed of micaceous clay slate, compact lime- 
stone, of a blaokish or deep smoke grey colour, and of differ* 
eat Yaneties of sandstone (psammiie) ; but these i;ocks are 
covered, on many points o| the . southern iace of the monur 
tain, by immense fallen masses, which increase daily ; these 
masses of debris conceal part of the beds viFhich compose the 
mountain, and the cause which produced them appears to , 
have been sufficiently powerful to allow entire masses of. 
rocks to slide down without perceptibly deranging their 
structure, iQ that it would require a scrupulous and long ex- 
amination of this mountain, to be certain that the masses 
or escarpments observed in the ascent, really follow each 

■ * 

* I visited these rocks in company with M. Laine, in 1817. 

i Memoir on the relative position of the serpentines &c» in ilie A^i)> 
nlues^ 
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oihei* In the. order of saperpdsition,' as they successtTely pre- 
sent theroselves ; and' that they are not portions of the up|^er 
parts' which have slid down, and have been placed befoi^ 
the lower ' portioDS) aud finally to be sure that we do not 
give as two series of beds that which only forms one. 

It was neccsssary to state/the above in order that the fol- 
lowing eAameration may not be regarded as'a perfect list«f 
the siiccession of the beds. But even with all the inaccoffacy 
that iriay be attributed to it, it will not' the less present ihe 
different rocks which compose the sonthern side of the Mooh 
tagne d«s. Fis, and the ciomparoiite results -^hAcix wenaaj 
derive from them. 

The hill (G) opposite this mountain, that on whidi is sihn 
ated the village da Mont^H), and which is Separated fit>te*the 
body of the iriofintatn by a small valley in which thfe'Nant4^ 
Sioave (E section ; pi. 9) flows ; a hill whick may ei^r-te 
the^base of the mountain, or independent, and the result «f 
the slide of one- of its parts^ is composed of black greywacke 
slate (No. 1 ), containing spherical nodules. These nodule^ 
which are a little harder than the rest of the roi:*k, «Mi€s- 
times cotttain impressions of ' ammonites in their ulterior, 
(No; 2). That which I found was too iticompiete to deter- 
mine the species to which it belonged, but Jt appeared tut 
m6 Tery different from the ammonites of the summit of whieh 
I timll ^reseutly speak, whilst it bears a great resemblance 
to the ammonite I have mentioned (in the memoir abov^ 
cited) which comes from an alpine mountain of>Oberh<Kl^ 
of an aualogous oature to this transition portion of the Moii« 
tagtto des Fis. • 

The beds of this slate dip towards the N; as do thosefbf 
this mam of tiie mountain. After having passed this species 
of oot^work and ihe small vidley which ;separates it froitt 
the Rochers des Fis^ we arrive at the foot of the rocks, and 
thd precipitous escarpments they present, whiofa would i^fi^ 
der this side of the mountain inaccessible, but for the fallen 
masses which have there formed very steep sl6pes, composed 
of large pieces of rock, always ready to fall^ but which ea« 
however lead us to the summit. 
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When we hare passed the first and largest coUeetion of 
fUlen masses, whicb desceaded in 1751, ire obaeFVe in the 
first escarpment we pass : 

Ist. A micaceous clay slate (No. 3), vesemblii^ that of 
the hill du Mont ; it is blackish aod solid. 

tdlj. A grejish; compact limestone (No. 4), which alter- 
nates with the slate, forming more nranded and solid salient 
portions. 

' Sdlj. Towards the npper part, a grej and bhuskish com* 
pact limestone (Nd. 5)-, full of nnmeroas Teins of spathose 
Unie8tone,'and also alternating. with the slate (No. S). 

A second collection of fallen rocks is then trarersed, and 
we reach another escarpment, which is composed, 
' 4thl7, Of a thick bed of arglllaceons slate (No. 6), rery 
fissile and splintery, traversed thronghout, and in every di- 
rection, by nodnlar seams of white spathose limestone (No. 7) 
and reins of qnartz. 

5thly. Of a schistose sandstone of a rery compacttextnre, 
and yet of a very fissile stractor^ (No. S)« 

A third collection of feUea rocks (C) then follows, in a 
great measure composed of lai^e parallelopipedal pieces, 
which are very extensire and^ difficalt to trarerseJ It leads 
to a third escarpment, presenting nearly vertical walls of 
great elevfition, the strata of which are eat into very large' 
parallelopipeds, by fissures perpeiHJienlar to each other, and 
lined with calcareous spar. It exposeii at Its base, 
. 6thly. A very compact greyish limestone (No. 9), tra- 
versed by steatitic and chloritic veins, disposed in the form 
of net-work, and in some strata constituting an amygdaloi- 
dal steaschist (steaschiste amygdalin), the almond shaped 
portions being very large. This calcareous mass is lined 
with calcareous spar of the variety with the shoK dodecahe- 
dral prism. 

Tthly. Above, and in tbick beds that are apparently SK>lid, 
but which are however very splintery, hi a micaceous and 
quartsose san^dstone, alternating without order with the roi- 
aaeeoas argillaceous slate and with- the blackish schistose 
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sandstone, so as to form verj smgnlar striped rocks (Nos«il^ 

12, 15, & 14.) 
Sthlj. Justly, these sandstones ar^ coTei>#d by a mlbflN 

eeoas argrUaceoas slate in thin lainiaa& and very spKntetry, 
(No. 15), and apparently ye!k>wish, but this coloar is only- 
superficial. It is blackish in the interior of jkhe smallest 
pieces, and so fissile, so easily broken, and with sock ^ want 
of cohesi«ai, that notwithstanding the great mass il pretentay 
a good 'sized specimen cannot be obttined. 

Tfaifll slate forms the sharp and steep crest AB of that part 
of the Montague des Fis which we reached ; but It is nc^ 
the most elevated portion, the beds dipping towards the 
N.W. and their souther^ section presenting an iiiclinatiott 
towards the W : this shite does not rise to th6 sumihlt of the 
Pointe des Fis. This point, as well as that named Le 
Marteau (m. %« 1.) is, as we have be^n assured, cponposed 
of limestone mixed with sandstone, and appears to be the 
prolongation of the foeds^ Np* 9 to 14.. 

It is on t^e back of the Montague des Fis, and nearly at 
the point parked F, that the bed, containing the fossil sheUt 
I shall enumerate, . occurs On a rapid and elevated slepe^ 
almost always covered with sno^. The snow which covered 
It prevented me from visiting it, but M. Bendant, who 
reached this part of the mountain by the valley of Sales 
(Lo), in 1818, saw a portion of it in situ. He observed 
the shelly black. rock nearly in the position given in the 
section. It is^ according to him, in nearly parallel stratifi- 
catipn with the tnmsition rocks on which it rests. This 
compact limestone, which is hard, coarse, blackish, leaving 
on the sitrCace of a solution of it in nitric acid, « cpsantity of 
carbonaceous matter, is full of a multitude of grains of such 
a deep green colour that they appear blacky bat they 
afford a green colour when crashed, and are, like those of 
the chalk, insoluble in nitric acid ; above is ^ rock which is 
calcareous, granular^ micaceous, sandy, of a. whit,ish g^rej 
colpni^ and altogether resi^mbliiig t^e craie ^au« (t o^iji^ 
taias thA reoiainfl of undctermioAhle sheila* 

These shells generally -occur as casts, or rather as relievo 
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cutB io the caiities of the shells, which have been almost 
always destroyed. These relieros are moreorer ill shaped, 
entangled within each other, or joined together ; jet they 
are sufficiently well preserved to determine with certainty 
the genera and species contained in the following list ; 

Organic remains of the npper and nncorered beds of the 
rocks and mountains of Fis, Sales, &c« forming part of the 
Buet chain in the Savoy Alps. 



C This is known to be 
I a genua of shells, the 

Naudlui < s;reftter part of the fos- 

I sil ipeciet of which be- 
^long to the chalk.* 

Scaphites obliqnui. • . • Sow In the chalk of Rouen. 

Ammonites varians . . . Sow. In the chalk of Rouen. 

r In the chalk (ereensand) 

— inflatus Sow.....r« < of Rouen, and in that of 

CtbePerteduRh6ne. 

— Deluci A.Br.(pl.vi.flg.4.).p*«^'j;|^°f»^P«^ 

clavktus Deluc (pi. yi. fig. 14.) . . Coll. of Deluc. 

— Be-d.nU A.Br. (pi. vH. fig,«.) J ^"^f^S^'Sl^l^^Xa"^! 

SelUguinus A. Br. (pi. vii. fig. 1.) , . 

Hamites virgulatus . . . A. Ar. (pi. vii. fig. 6.) . . 

funatus A. Br. (pi. vii. fig. 7.) . . 

Turrilites Bergeri ... .A. Br. (pL vii. fig. 4.) . . 

? Babeli A. Br. (pL ix. fig. 16.). . 

C An undeterminable cast 

Xrochus -J*?"* altogether resemb- 

**# ^^ *^** which has been 

(, named Tr. Gurgiti^ 

r From the chalk (green- 
Cassis avellana A. Br. (pi. vi. fig. 10.) < sand ?) of Rouen and the 

C Perte du Rhdne. 

AmpuUaria Interior cast. 



* Out. of the nineteen species of nautili mentioned by Parkinson in his 
table of British fossil shells, (Introduction to the study of Fossil organic 
remains, (1829,) p. 881 & 232,) only five are from the green sand and 
chalk, so that it by no means appears that the greater part of the fossil 
species are found in the chalk, even when united to the greensand. (TVans.) 
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Two species. They are 

broken, but are easily 

determined to be true 

cerithia ; one of them so 

^ ... . J much resembles cerithi- 

Centhium.. vlum mutabile of Beau- 

champ, near Paris, that 
I cannot, at priesent, see 
any difference between 
^them. . 

Inoceramusconcentricu8Park.(pl. vi. fig. U.). irndUifp^du^S^! 

I . n 1 / 1 ; A ia\ V From Folkstone and the 
"•'»»'" P""^ (pi. VI. fig. 18.). J perte du Rhflne. 



Casts absolutely unde- 
terminable, even for the 
*nus, except those of 



Cy therea ?......... *! 

Cardium? f ^ ^* 

Pectunculus ? i ..... T * | the area, which very 

Area 3 I niuch resemble the inte- 

(.rior casts of area Noe. > 



rrColl. ofDeluc.) From 



Terebratuk ornithocephala.* . . Sow •< the mountain of the Re- 

—v^c^-- 80W......... j,Hl»//;,'^t!:i? 

obliqua ? Sow 

C Oval, resembling ma- 
Echinus. < millaris, but are much 

c.^.*.nm.o n^. ...«^..'»..»« 5 From all the chalk for- 

bpatamrus Cor ansniinum < .. 

r -^ n (.matioQs. 

Nucleolites? Rotula ..A. Br. (pi. ix. fig. 13.) 

r The eohinites are very 
castanea A. Br. (pi. ix. fig. 14.) < abundant, but all iu u 

C.had state. 

Gralerites? depressus. .Lam.- (pL ix. fig. 14.) f 

* There appears to be some error here in the' text, for three terebra- 
tuln are given in the list. Parkinson, in his table of British fossil shells 
above referred to, gives, out of thirty-one species of fossil terebratulae, 
six as found in the green sand, viz. : T. biplicata, T. intermedia, T. di- 
midiata, T. ovata, T. pectita, and T. Lyra. The terebratulae mentioned 
as occurring in the chalk and chalk marl, are, T. biplicata,' T. subro- 
tunda, T. camea, T. semiglobosa, T. subundata, T. plicatilis, T. octo- 
plicata, and T. obliqua. To this list should be added some others enu- 
merated by Mr. Mantell, in bis Geology of Sussex, viz. T. sulcata, T.' 
Martini, T» striatula, T. squamosa, and T. subplicata. (Trans.) 

-f- In pr4er to compare this and the. other lists with the fossils con- 
tained in the chalk and green sand of England, consult Conybeare and 
Phillips's Outlines, &c. p. 73, 74, 75, 76, 129, 130,— Parkinson's Table 
of Britiah fossil shelb, (Introduction to the study of Organic remains 
p. 831 y &c.), and Mantell's Geology of Sussex. (Trans.) 

K 
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It will be seen from this list, that the shelly depositc on 
the summit of the Montagne des Fis contains a great number 
of shells which almost exclusivelj belong to the lower chalk 
(green fiand) formation. There are neither belemnites nor 
terebratulae, because these shells, without being excluded 
from the green sand (craie chloritee,) are rarely met with 
in It. 

The shelb contained in this deposite so much resemble 
those of the green sand, that it was sufficient for me to name 
them. It will also be remarked how much the ammonites 
differ from those found in the body of the mountain. 

I must confess, that notwithstanding the 'care I took to 
procure all the shells of this bed that I could discover at 
Senroz, among the guides at Chamouni, and at Geneva; 
notwithstanding those that have been presented to me by 
Messrs. Berger, Lain6, Soret, Selligue, and Beudant, or 
that have been sent me by M.. Deluc ; I must confess, I say^ 
that this list is very incomplete ; but it is sufficiently exten^^ 
five to shew us the proportion in which the green sand shells 
occur in the Montagne des Fis, compared with that of the 
shells found in' the same place, and which have not yet been 
met with in the green sand. 

These zoological characters and analogies lead us to con* 
elude that certain rocks of the Perte du Rhdne and the 
summits of the Bnet chain should be referred to the green 
sand formation, notwithstanding the mineralogical differ*^ 
ences at first sight presented by the rocks composing these 
formations, and those which compose the generally admitted 
Qhalk formations* These differences are however greatly 
diminished by the green grains these rocks contain, and by 
the greyish and granular rock which covers them, so that 
the first circumstance, apparently so minute, finishes the 
analogies I have presented, and offers a |iew apd remarkable 
application of what I have stated at the commencement of 
this notice) of the constancy of geological phenomena through-- 
out idl the known points of the earth's surface. 



• 



EXPLANATION OF THE P^ATfiS 






Plate 8; F^siil organic remains of the marl.bedtof 

the compact Jufa limestone. • ^ 

, • . ■ . 

Hg.l. I^ooibas Pelagi. A.Br. 

A and C. The same indiFidnBl seea on different .tides. 
6. Another imperfect individual, furnished with tubercles 
tm tho edge q{ the lip ; thejr jippeur to indicAtei th^ biistk of 
spines t^teniiistiiig this Up la thie adult individuals. . i r 

tht do^ed lijoes tepiiBifient those p^rts tb»<^ ire supposed 
to be wanting : it bears some resemblance to, Str6atbi& 
Gftllos. (Coll. <rf I>«tac,) 

Fig« 2. Stiomhus 0<^ai|i, A* fir« 

A» Aii.iiidmd«alappai?wtlyftdiiUjSfid ciMPpif^te, B..A 
jroanger fndividoa}.. 

i1g.3. Stcombus PpQltj. A« Br^ 

A* An ipap«rfect iujlvidftfld, but in good conditipit. 
B. An iiidifidnal which appears iqperfect, b|it Tirhii;h |b 
•wani«' ■ • • r 

These strombi ar^ interior cfLSt^, The ih.ell doe^ n^ 
xemaipi on any one, I b^ve Qflt fon^d t}ieni'^W figure^, 
described, or even noticed in eny g^netoHl work tliat I h%T^ 
been able to consoit. 

Fig. 4. A.B. Lntrarie? Jiirassi/ A.Br. 

The genvs^eaa oBlf he piesumed from the foroi, tbe.hlnge 
not havhig' been es yek observed*' This speeies doe» AC|t ^ 
appeev toinp tohave been descitibedor at ka^t distiiigiiisbe^^ 
It iieiurs-SbBie oresembl^nte io the nactra giihbosa of Spwerbjr^ 
which is a Lutruria. 

b2 



■ I 



.» 





960 Explanation of the Plaies. 

Fig. 5. A. B. Donacites Sautniri. A. Br. 

I presnme that this is a donaz^ but I am far from being 
certain. The form does not sufficiently shew it. The ge- 
neric appellation should only be considered as proTisional. 
(CoH.ofl>e]uc.) 

Fig. 0/ A. B. Donacites Aldnini. A. Br. 

The figure is made from a tolerably entire and well pre- 
senred iodiTidnal from 'Writhenterton in England, and which 
I consider perfectly resembles the shells collected at Cap la 
H^Te by M. Audouin, and* by other naturalists in the upper 
marls of the Jura. It has much more the form of a donax 
than the preceding species, and CTen resembles the Venus 
meroe of Linn. I believe that this shell has been figured by 
Knorr among the ("mnscoUtes) .t. II. pL B, 11, 6M,. ^. 5. 
. Fig. 7. A. B. C. Cardiiim Proteu A. Br. Seen on three 
aidei. 

Though rather common, hi the upper mark of the Jura 
formation, I do not know it any where euu^y figured or 
83r8tematically named. The indiTidval figured i^ from Cap 
la HdTC. 

Fig. 8. A. B. C. Hemicardium taberculatum. A. Br. 

It slightly resembles the shell figured by Sowerby, pi. 143, 
by the name of Cardita tuberculata, and those figured by 
Knorr, tome 11. 1, tab. B. 1, a, fig. 2.4; yet there is a 
difference. M. de Schlotheim first cited these shells of 
Knorr in the seventh year of the Taschenbuch, &c. of Lebn- 
hardt, by the name of bucardites reticulatus, and he after- 
wards cites them in his Fetrefacten Kunde, &c. (published 
in 1890) p. 909, by the name of bucardit^ hemicardius. 
It will be easily seen why I have not admitted these specific 
names ; the individual figure was sent me by. M. Risso, it 
comes from the Cap St. Hospice, near Nice. 

Fig. 6. A. B. C. Spatangus oblongus. . Deluc. 

M. Deluc sent me this name with this species, which 
occurs in the upper marls of the Jura. I conceive that the 
spatangus which I collected in the same marls, behind the 
town of Neufchatel, does not sensibly differ from it. It also 
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appears to possess analogies with that roentioDed by M. de 
ScUotheim in the Taschenbuch, &c. and the Petrefacten 

* 

Kunde, by the name of echinites qaatematus* 



Plate 9. View and Scdion of the Montdgn& i€9 its. 



Fig. 1. View taken from the Senroz foundry. 

A.B. The part of the crest we attiitned. M. Kind of 

• 

inaccessible col. m, the marteau. F. Behind this point is 
sitnated the bed containing the green sand fossils. S. Sam* 



mit. 



Fig. 2. Figurative section. 

No proportions could hh followed with regard to the 
thickness' and extent of the b^dis, especially the collections 
of fallen masses, because the size of the figure Hould hive 
been greatly augmented without any useful result. 



M>tic€8 on the Hartz, by M. ds Bonnajld^ 
Insenteuren chef of the Royal Joining Corps. 



(ABnalet des Mines, 1888.) 



1. Physical Sketch of the Hartz. 

If the Hartz is §e<flo|^€Hll)r oaD^dereci^ the fSormttbiiA of 
wSiieh it is otaipoied joaj he tegiurded as helDogiog to llie 
gfeat schistose loiie^ which oxtaads from W.S^W to £.N.B», 
ffom the north of f ranee a^osa the north of Grertnanj ; hut 
the continuity of this zone snffen, at least cm the surface, 
considerable interruption in Westphalia, and the Hartz forms 
in every respect a group of isolated mountains in the midst 
of rocks of more modem formation. This group is elc»i« 
gated from N.W. to S.E. ; its greatest length is about 22 
leagues, from Seesen to Friederich'srode, and its breadth 
8 leagues, between Weraigerode and Walkenried. The 
Brocken, the highest summit of the Hartz and of the whole 
north of Germany, is, from the barometrical observations of 
M* de Yillefosse, 1132 metres [3713 feet, 6 inches] above 
the level of the Baltic sea. The slope of the Hartz moun* 
tains, which is rapid on the north, is in general gentle to<^ 
wards the south, and especially the southeast. 

Many small chains, oi branches of mountains, generally 
more elevated than the others, quit the Brocken as a centre, 
and diverge in different directions through the Hartz. We 
should principally remark those two which divide the waters 
and which extend one to the N.E., the other to the south of 
the Brocken. On the east of this crest, the waters flow to 
the £lbe by several small rivers, the most considerable 
of which is the Bode ; on the west,"* the waters flow towards 
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the Weeer, either to the sooth by the Sose and Oder whiqh 
Unite to join Uie Lejne, ^r to the north by the Xonerst and 
Oeken We should also- remaiiiL tlie branch of the Iieirchefi 
Kopf«9 which, commenciDg at the western sid^ of the 
JBincken, atnd sitnated between the iralle;f of the Ock|ir;aad . 
4hat of the Radaa, extends towards the N.W« ; aad e^pee^ 
ally that of the Bruchbecg, Whose comm^BCement appeals 
to be the same as the last, and which extending towards tike 
S.W. separates the valleys of the Sidber and the Sose, and 
forms a nearly continuous ridge from the "Brocken to the 
esrirons of Hertzberg, where it gradually lowers towards 
the plain. These small chahis are generally elevated from 
700 to 900 metres [2296 to 2952 feet] above the level of 
the 8eli» 

. Tw6 priacf pal and rather 6vte a j^latfonni shonld ato hf 
aatioed In the Hartc : the one on the wcM t>f the Bredtoiii 
ooinpiisei the towns of Claosthal and Zellerfeld with tiic»r 
cnvin>«B; its genetal eleV!a6an is 580 metres £1902 feet^ 
^TiacheS'jithir other, on the east, cofttprlses the tomitriea 
olBlbingnrodeahd Iliifctenrode, it is 50 metres [164 feet] 
less elevated* Cultivated fnelds occdr on the latter, and Tft 
and oats are reaped ; potatoes were £rdt cultivated ^n the 
former in 1806 round Clausthal. This last is still more 
remarka1)le for the fine meadows with which it is covered, 
ftfmishia^ ah abttndsnoe of excellent hay, and mofirtly in 
two crops. The valleys which furrow these two^platforms 
are not deep* 

The remainder df the Barta is in general Hncultir»^ed| * 
except trti the S.G. where the glt>und is much lower $ the 
sfdes of the mountains are cov^ed with fiNtree forests^ l)r 
wnite^rtilets, which are bat t\m remahii of ancient fereBti^ 
destroyed^ either by fires aad storms, or by the ravages 9t 
an insert named borken kofer (dennestto typographas ?) ot 
fi^aiiiifaeiearelessbess.wfth winch the wood Was lol*merly cut 
in ia.ioiiaiitte wdiose severity venders numerons precantliaDS 
necesmry for the ref^i^oductfon of forests. A few meadowi 
are fannd'at the bottom of .the valleys^ but.they ai^.of smatt 
bi^adth. The sidtis of the inoaiitaips, though steep, are 
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aniform, and withoat remafkable escaqimeats ia the grey- 
wack6 of which the greatest part of the Harts is fbmied : it 
is Dot the same with ^he granitic portions ; the valleys of the 
Bode, the Use, and the Ocker offer both pictureseque and 
?iried points of view, which recall to mind those of high 
fiMmntain sceneiy. Withoat perceiving a very striking dif- 
ference, we shall yet remark the depth and steep sides of 
the valleys of the Oder, the Sicber, and their confluents, 
).e. in^ the environs of Andreasberg, a country phiced be- 
tween the two principal southern branches we have noticed, 
iHit formed of rocks of schist and quartz, different from 
grey wack6, and considered to bei of more ancient for- 
ma^im. 

On the N. andN.E. the Harts mountains are as it were 
middenly cut off, and a few hills only are observed in the rich 
And extensive plains of Blankenburg, Halberstadt, Goslar, 
and Wolfenhfittel ; on the S.^ whete the slope is much less 
«€e6p, a country of plains and low hllls^ also occurs at the 
fS^t of the Hartz. On the S.E., on the contrary, the nsoon* 
'^ins gradually become lower, and the hills forming the 
Mansfeld country may be considered as constitoting an ap- 
pendage of the Hart2 mountains. 



it. On the rehUite anUquUg of iheformathns m theHartz. 

When a group of mountains is formed, like tfie Hartz, 
partly of granite, partly of other crystalline and hard rocks 
and argillaceous or flinty slates which do not contain a trace 
of ef^ganic remains, partly of varieties of sandstone and pud- 
ding-stone known by the name of greywack6, alternating 
withB more or less micaceous clay slate (grauwacken schie- 
ferii, both containing the impressions of vegetables and 
shells, and partly of calcareous rocks, which appear entirely 
composed of madrepores and which occur united with the 
two last rocks, we are naturally led to consider the granite 
as constituting the nucleus of the whole; fhe crystalline 
greenstones (diabases), the diallage rocks, the horn/els, the 



qoarts rocks^ and the hard slates without fossils as tmiiie* 
diatel J' following the granite in the order of antiquity -'and as 
-belonging, with it to the primitiTe formations; lastly we 
stippose that the grejwack^s, the micaceoos argillaceous 
slates and the limestones^ whose place is generally' well de- 
termined among the transition rodcs, must rest on the other 
rocks* 

. Such in fact is the opinion long since adopted witk^respee^ 
io the rocks of the Hartzj and independently of general 
analogies which may lead us to conceive it, local observation 
affords a sufficient number of focts for its support. Quitting 
the Brocken, and proceeding towards^ the N. or N.E;, that 
is in the space Comprised, between this mountain and the 
towns of Neustadt^'Ilsenborg^ and Wemigerode) we ^arcely 
find any thing,' besides the granite, but these crystalline and 
hard rocks whi^h are regarded as primittTe ; and- in raaaj 
places we may conclude frbm their disposition that they 
immediately rest- on the central ;gra»ite. Proceeding south* 
ward ' firoao^ the Brocken., analogous rocks are met with in 
the environs of Andreasberg, with schists and flinty slates 
which do not contain a- traee of organic remains,, and they 
are sometimes seen to rest on granite; a similar supeiposition 
may elsewhere be concluded from the dip of the schistose 
beds. Proceeding still further south, we observe that the 
reputed primitive rdcks are evidently covered by gceywackfk 
Lastly, throughout the whole eastern parts of the Hartz, we 
retnatit a general dip of the greywacke bed» to the S^, 
leading us to consider it as resting on the granite. of the 
Brockedyov on the other rocks previously observed* 
'. The ^mineralogists who' have iohabitedy or until lately 
visited thD H*rt%have conceived ideas slightly different from 
each other >with respect to: the antiquity, of the homfsU^ 
the quartz rock^ and the hard schist of the environs^of Ap« 
dfjeasbergvvbtt^ they- are all ^reed in lecognising the pit- 
mordlal fiatnre of the granite, and its anteriority with reject 
to* all ^|tbe other rocks, which they regard as above it. M. 
Hiuissianfi^ who in 1807 published a very iqstructive geolo- 
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f^toA dMcri^tioh tS the Harti)^ hab o6t eoljr expressed the 
fftihe opifeiiokl^ but it i^peers fretn whtt Messrs Xiame snd 
ClapejrcbD state^ still preserves tt^ iftersebse^ttent obsehro*- 
tiMM uddertakeo forthe sakeefTerifjuigita Sit|y|>ortcd hy 
4his Hew dnd impoBiag sanctNHi) this e^idh wdiild appear 
to laerit entire confidence* Yet a Terj different opinioii 
has for many years been propagated among German geoio^ 
gists,, and it appelars to me lAter^tiog to make it known. 
It has been very* conciseljr exposed by M» de Ranmer la 
16*1 1) in his Frmgmens gSagnost^fuet ^ M. Scholze has 
adopted it in his meinoir on Ae Hi^ta^ inserted in the jkh 
iumire ntiniraiogifiU of M» Leonhatd lor 1815 ; since that 
tinke this opinioa has been defbnded aii«l opposed ih nuiny 
Crenttao works with whid& I am Imacqiiainted.f I shall^ 
iBonsequently^. in the folIoiHiig nOtioeSy principally rest on 
■f^ own obserrations^ by which I was^- in 1806^ led ix> con^ 
cehte an analogous opinion ; bot I shall confine myself to 
the exposition of d(mbt9 ; the extreme reserre we should 
always itipese on onrselTes ifhtsk we wish to draw aay con^ 
elnsion from geolo^cal obsenrations^ is imperiously demand* 
ed, when this conclusion b opposed to an opinion snpported 
by M. Hausttann. 

It is more partfcnlarly when studying the western part of 
the fiartz, that we may be led to doubt this primoi'diai na*^ 
ture of- the granite of the Brocken* It should in ihe first 
place be remarked that througbotit the Harts^ and especi^ 
ally throughout the greywaeke formation, which constitutes 
at least three-fourths ef the mass of the mountains, the bed! 
are observed to have a general direction towards the E.N.SL 
aild k general dip tbwiMs the SLS.E. with, but a few local 
exceptions* It has been seen, in the preceding nodc^^ 
that 'the Hartz mountains are elongated from north-ntrest 



* Geognostiche Skizze vpn Siid-Nieder-Sachsen^ inserted in the 2d No. 
of the Nord^Deutsche BeytrSge sur Berg lind ttSttenkunde. Brun^wicky 
1807. 

+ In a very 'interesting memoir, inserted in the Annuaire miner%lo« 
gique of M. Xeonhard, 1821, and which only reached me after these 
notices were written, M. Germav opposes the idea of the comparatively 
modern nature of the Hartz granite, which he considers as of primordial 
formation^ 



to soofWaiit i thus the geneml .direttk>ii of 'thfe bedl' m 
pertpetdicttlnir (o that- in irblch the group Is elongAted.^^ 
thb 6ft>ckeii is dtn&ted. ft little to the west of^ the liM 
which wtoiUd foiioa the ftttall aitiii of this kttid of eUlpsie) and 
to the N«N«W. of the e^ntre* Around the Bro^kefi^ th9 
whole of the rocks r^gai^ded to primitive fill ttearly m tif im^ 
galar space^ which would have the uortherti limit of th« 
Hartz for k base^ froul^ the Uiine.of Ofik^rhiitt^ (half* lea^;ii^ 
t<^ the K ^f Goslar) to th^ toWti of Wertiigetode^ bud whosO 
6tl^teit iremld be placed alittlts to the S. of the town of 
Addreitiiberg.^ The same tocks ftnd gnmlte reapp^r M 
foim j t>lAces^ on the 6.E4 of thid triangular space, in tlit 
iMdst of fbtiHations recogilised as tiransition ; but throughout 
the w^st and fiorth-west portions^ no tittce of these prt.* 
sumed primitire rocks is discordfed) eicept it is on the pino^ 
longatioti of the firdChberg brbAch o& th^ West of Androas- 
herg, a little bejond the triangle* Now, from the geneiml 
dip to the S.Ew tills Webteiti patt is precisely tliat whose beA 
appear to dip beneath ell llie others, and in many points 
thoy teem to dip b^^lcth the granitic rooks which are slt»# 
ated beytmd them, t am jdWare of the errors we expose oar» 
Belres to wheli we WiHh to conclude a superposition solely 
frcNcn obserrations of this natm^, and when no point of direct 
superposition has been phVved; but it must be confessed 
that this geneflsl dip toWtttdd the S^EL. oblen^d throughout 
the eastern part of the Hartz, is one of the facts brbught 
forward to support the antiquity of the crystalline rocks, 
relatively to the grey wacke of this part of the group ^ and 
it is at least very remaiieable, that on the western iiinit of 
these primitive rocks, we should 00 where observe thb grey^ 
wacke with a western dip, whilst in many plaCeS, on thd 
oontrary, It shews an opposite dip. In the eastern part, 
the granite occurs in. many places in the midst of the 
recognised tranntion rocks, and there hm no where been 
noticed in the beds of the latter, that variety of dip whlfeh 
would denote their mantling round the diiterent granitic 
nuclei ; the dip remains almost constantly the same.* 

* M, Germar expresses an opinion in his memoir, that the schistoe^ 
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. Tbe rocks of hard schist and flinty slate in the environs ef 
Andreasberg) Which are also eonsidered as of primitive for- 
BHition, certainly appear in 9oine pbces to rest immediately 
OB granite of on the horr\feli covering the granite ; but their 
gjeaeral dip, as w^ll as that which can he observed with res- 
pect to the qaartz rock of the Bmchberg, is. nearly that of 
the greywacke situated to the west of the Brachberg, and 
which would consequently appear to 1^ beneath them* M. 
Scbaltae notices similar rocks in the eastern part of the 
HartSy which appeared to him to be of contemporaneous 
formation with the greywacke, ^d to present n>any passages 
into and mixtures with the latter. Many local observations 
tend equally to make us doubt the constant anteriority of 
the Hartz granite, reUitively to the other rocks that have 
with it been regarded as primitive. 

Ascending the valley of the Dse, we find steep granite 
rocks one league from Ilsenburg, known by the name of 
Ilsenstetnsklippe ; situated opposite each other, on Ix^h sides 
of the valley, which becomes narrow as it approaches them, 
Mui expands above them, they appear to form part of a 
granite bed situated in the midst of different rocks which 
hare less resisted the action of* the Waters. Lasius has long 
since shewn that these rocks exhibit very marked traces of a 
stratificatioii parallel to the general stratification of the Hartz 
rocks. Ascending higher up the valley, schistose and quart- 

beds of the north of Germany, and particularly those of the Hartz, hav- 
ing a general direction from W.S.W. to E.N.E. shonld not be deranged 
m their dip by the salient masses of the more ancient crystalline rocks 
they meet with % that thus they would not present round these primor- 
dial masses tbe variety of dip» which is erroneously required as a proof 
of their superposition, and that they might occur dipping towards the 
granite, on the west and north of the granitic mountains, as is seen in 
tiie Hartz, without our being able from that circumstance to deduce any 
probability of contemporaneous formation. The force of this leason*- 
ing appears to me much diminished from the examination of the Iberg 
mountain, where, as we shall presently see, the greywacke presents very 
different sides of the transition limestone; and it appears very difficult 
to conceive why the primordial masses have not produced on the transi. 
tion slates as much c^ect as tlic calcareous masses that are bcarcely an^ 
tcrior tu thcbc blatcs. 
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zose rocks are found with tho /same strotificatioa;' still 
higher up ^granite IS met with* ^ 

. At. the rocks of Rosstrap, on the hanks of the Bode, at 
the eastern eztretnity of the Hartz, I conceived that I also 
observed a marked stratification m the granite, and a general 
dip of the beds to the east. I also saw beds of quartz, schis- 
tose greenstone, and a species of mica slate, which appeared 
to me to alternate with the granitic beds. M. Schnltze no- 
tices a general stratification, at least as apparent, in the 
numerous granitic rocks of the Hohneklippe, to the E. of 
the 3rocken.. The same person has observed a bed of gran- 
ite included in rocks of flinty slate and claystone (argilolite) 
at the foot of the Ramberg, a granite mountain situated one 
league to S.S.K of Rosstrapp. 

I have observed on the Adenberg, to the N. of the Hartz, 
at the extren^ity of the Lerchenkopfe branch, and on the 
righ( bank of the Ocker, a bed of granite distinctly included 
between the beds of quartz rock and flinty slate of which 
the mountain is composed. M. de Raumer mentions granite 
as mixed with the hornfels on the Sandbrink, which forms 
part of the same chain. This mixture is again found, in 
small alternating beds, in the mouutain of Rehbe rg,, where 
however in the end the hornfels covers the granite. On the 
N.W. of'the Brc^cken, in the mountains which border the 
Radau, and which are entirely formed of diallage rock 
(long known by the name of greenstone or primitive trap), 
many beds of granite have been observed included in that 

rock.* • 

' ' ■ ' 

* U. Gerttiftr describes the posiUon of these granitic beds; they have; 
he sarjrs^ a dhpection fpora S. to N. and dip towards the E. ' The diallage 
rock that coUtains them does not ofler any positive stratification; yet 
the author eondders diese granites as evidently forming beds, add he 
derives, fktHb their different position from that of the greywacke beds, 
another d6il6lntiioii against the contemporaneous origin of the two 
formatiedi. -H^'als^- supports his opinion by the drcumstanoe^ that^- 
^roughdutthe Hartz^ the granitic masses appear elongated . from S.rio 
N. and consequently in a transVere direction to that of the transitioiK 
rocks. He considers that these granitic masses of the Hartz xmrrespond 
with those of the same nature situated in the Thiuingerwald^ nearl]^ 
under the same meridian. 



did M. DB RoHNAAb^S NoticCS 



» -1 



Let it be recollected that many of t&e gtwuitic rocks of 
the Hartz are true syenites, that some others are prdo' 
gynesy* and that pratoggn^ and syenites are often consi- 
dered as belonging to.ihe transition cUUs. Let us also consi- 
der, with M. Ranmer, that the enYfrims of Dolma in Saxony, 
present abore a schistose formation containing beds of gr^y- 
waclte, rocks anidagoas to those which accompany the Harts 
granite, among others the hor^fth^ and lastly the granite 
Itself. Let it be added that there are many among the 
mineralo^sts inhabiting the Aartz, who, while they believe 
in the primordial nature of the granite, do not consider the 
hor^fslsy the quartz rock of the Bruchberg, and the schists 
of Andreasberg, as of primitive formation.f Lastly, let it 
be recollected that M. Freisleben thought he found frag- 
ments of gneiss in the granite of the Brocken.:!^ 

The general direction of the beds, from W.S.W. to E.N,!^. 

is now considered to be, if not altogether constant, at least 

Tery general in the ancient rocks of the north of France^ 

, Belgium, and the north of Germany. I have elsewhere |{ 

I do not conceive that the granite, constituting themaM of the Brodten 
and its environs, can be regarded as much more elongated from N. to S. 
dian from E. to W. ; but it is true that at the eastern extremity of the 
Hartz, the granite of Roastrapp, of the Ramberg and Anerbeirg (especi- 
ally the first and third) are situated, nearly souUi from each other. I do* 
not know If this circumstance is sufficient for M. •Germar's opiniob: as 
to his ideas with i^sgard to the correspondence of the granitic rocks of 
the Hartz and Thuringerwald, he only presents them as a sketdi not 

« 

founded on precise observations. ' Not being acquainted with the The- 
ringerwald, I can neither support nor oppose this resemblance, which is 
very different from what I am about to state $ I shall only observe that 
it appears to me opposed to the leoeived ideas ef the general disposition 
in Europe, either of rocks of the same nature, of the great lines of eW 
Tated countries, of low countries, of lakes, or inland seas. 

* A nanie given by M. Jurine to the granitio rock of Mont Blanc, des- 
cribed in a previous part of this section. (Trans.) 

+ M. Geroiar observed at the old mine of Glnokauf, near Andreasberg, 
% well characterized greywacke slate. He also ccmsiders that all the 
schistose rocks of this canton are not of primordial formation, but con-^ 
tsmporaneous with the greywacke of the reinainder of the Hartz. 

^ See Cr^ognosie de Reuss, t. 9, p. 911. 

I Sketch of the obal measures of the north of Frati«e, &c. Journal 
des Mines, No. 156, p. 418, &c. 
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noticed an .example of thU (aqt in iht gre^i «one of the 
Belgic coal measures, and I have stated titat if the Vmib 
drawn from Lj^e to Valenciennes, % line- t^rj exactly indt- 
catlog this general direction, is prolonged to the westwai^y • 
it would in Normandy pav very near the IJtrj eoiU mea«' 
aures* Further still, at the extremity of Britanny, the cM 
measures of Qyiimper are situated a little below the same 
line* I have moreover mentioned, at least as an extraor- 
dinary circumstance, the position of the two coat basins- of 
Sarrebruck and Montrelais (the first we. are acquainted with 
to the south of the preceding linejf, on another line nearly 
parallel to the first. I shall now notice another fact of the 
same nature, ifhich belongs, to the object of the present 
notice, and which appears to me equally worthy of atteotioo. 
A granitic formation is known to exist in the department 
of La Manche, on the north of the. peninsula of the Coteuf* 
tin ; It is known that this formation contains granites, sye- 
nites, and protogynes^ and that the obsenrations of Messrs. 
Brongniart and Omalius d'Qalloy, lead us to regard the 
whole as jdf contemporaneous formation with the quartz rocka 
and schists of the Cotentin and Britanny, some of whieh 
contain organic remains. It is also l^nowii that this granitic 
f Of matioii constitutes on the £. the most northern capes oC 
the Cotentin ; whHit on the western coast it is found a little 
further south, so as to indicate a direction from W.S.Wv 
to E.N.E., parallel to that of the schistose rocks of the same 
country. Now if a Btraig)it line is drawn on a map ffiHa tin 
^^ranitic mountains of the Hartz to the grcmitic capes on. the 
E. of Cherbourg, this line when prolonged woobd IraveiiK 
the Cotentin in the direction of the granitic baud of that 
country, and it moreover would very nearly be parallel tf 
the line above mentioned as the general direction of the 
Belgiaa coal measures. It should here be remarked that 
the Cotentin and the Hartz are, in this general dlrectioa^ 
the two most northern points in which granite a{43e«rs on 
the surface in all that part of Europe which is situated to 
the Bontk of the Channel and the Baltic Sea, and that this 
rock is no where found in the interval which separates theaa; 
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but that the gnuiitic porphyry knollf, which are isolated in 
the midst of the schistose rocks of Haioanlt, occar at a Teiy 
short distance from the line which would join these two 
granitic points.* 

Withoat pretending to draw from this fact, considered 
alone, conclusions which would at least be very hazardoas, 
I conceiTe that it may be regarded as supporting the facts 
which lead us to doubt the primordial nature of the granite 
and the other crystalline rocks of the Hartz, and as making it 
presumable that thb country offers another example of the 
return of the most crystalline ancient rocks in the midst of 
transition formations* 

The transition rocks of the Hartz, at least those generally 
recognised as such, considered alone, present among them- 
selves relations conformable to those elsewhere observed in 
similar formations. The general dip of the beds to the 
S.S. E. leads us to suppose that the more ancient parts of the 
schist and greywacke formation should occur at the northern 
limit of the group, and there, in fact, we observe either a 
characterised clay slate, long regarded as primitive, and 
which very rarely contains some scarcely determinable re- 
mains of marine animals, or a greywacke of such a fine and 
close grain, that its arenaceous structure is with difficulty 
distinguishable. Advancing towards the S. and S.E., i.e. 
on beds resting on the preceding, the schists become less 
fissile, more dull, more micaceous, more shelly, sometimes 
contain small rounded grains, and thus pass into greywacke; 
this last becomes visibly arenaceous, and the rolled frag- 
ments it contains, increase in bulk so as to acquire the 
size of the head ; it moreover contains numerous remains of 
plants,' the surface of which is penetrated by anthracite, and 
entire sandy and often slightly calcareous beds (psammites 
sableux of M. Brongniart), filled with the shells usual in 
this formation. 

The greywacke of the Dartz contains, as Messrs. Lame 

* See Eisay on the Geology of the North of France, by M. Omalius 
d'Halloy. Journal des Mines, No. 148, p. 304, &c 
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^nd ^liKpejrbn dare obserTed, nuttierbits suborid^ie beds ef 
alCnri 'static (knipcfltte), Vhetstone slate, flintt sYate, ai/fl 
hdrDMeidde rbcks hf dififereht Emds, as alsb homerous beds 
c^ iron ore. Clay-stbn6 pdrpJiyry (argilbphyi'es) and oth^b 
•^te^h janes' are also knbwri there, the Telatife position bt 
Wnicli doe's hot 'always' lippear Veil detenniiired ; yet cotn^ 
^eftalfily appear as beds included In the greywacke. .We 
^hbutd r^ark/ ambn^'^flfiese last^, bhe whic& is analogous 'id 
the vert antique porphyry*, and -which occurs 'between RiS?e- 
land and Elbingerode, and another porphyrttic rock, wWs^ 
paste is a mixture of compact whitish felspar and quartz, and 
contains crystals of roseate felspar and hornblende. I have 
observed this last rock forming the roof of the iron ore beds 
of the environs of Elbingerode. The greywacke also con- 
tains beds of limestone, many of which are altogether analo- 
gous to the marbres campans. 

The transition limestone of the Hartz presents two con- 
siderable independent masses. One situated at the western 
extremity of the group, near the small town of Grund, con- 
stitutes the Iberg and some neighbouring mountains. The 
greywacke rests upon it, as may be seen by pits driven through 
the greywacke to reach the iron ore worked in the lime- 
stone. It should be remarked that the stratification of the 
greywacke, round the limestone nucleus, is mantle shaped^ 
since the beds of greywacke and slate dip to the N.W., on 
the western sides of the Iberg and the Bauerberg, a striking 
exception to the general dip of the Hartz. The other lime« 
stone mass, situated in the environs of Riibeland, on the £• 
of the Brocken, also occurs in some places beneath the 
slates ; but it appears to form a very thick bed or parallel 
mass, included between beds of greywacke. The limestone 
of this formation. appears almost exclusively composed of 
madrepores, which only become visible from the decom- 
position of the rock. Both masses contain caverns : two of 
those In the environs of Riibeland are known by the names 
of BauDiannshohle and Biels hbhle ; those of the Iberg, which 
are, less celebrated, but much more inierestinjc, are partly 

filled with iron ore. 

s 
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Id the plains situated on the N. and N. E« of the Hartz, 
ire almost immediatelj find the modern secondary forma- 
tions; on the W. and S. we obserye more or less of the 
ancient secondary formations ; on the S.E., the general series 
of these formations and those which follow them are de- 
veloped in the Mansfeld country, so well described by M* 
Freiesleben. It will be seen that the greater or less con- 
tinuity or interruption in the general series of formations, 
corresponds here very exactly with the less or greater steep- 
ness of the slopes. 



On the calcareo'trappean formations of the 
southern foot of the Lombard Alps* Bj/ 
Alexandre BrongniarTj Member of the 
Royal Academy of Sciences, jfc. 



(Aiiiiales Uefl Mines, 1822.) 



THE author describes by this name the formations situated 
at the southern foot of the Lombard Alps, which are com- 
posed of calcareous, trappeau, amygdaloidal, and basaltic 
rocks alternating together, formations previously described 
by Arduino, and more especially by Fortis, and which are 
for the most part situated in the Viccntin. 

He does not commence by a detailed account of these for- 
mations ; he confines himself to mentioning the rocks, their 
distribution, and the other circumstances which are necessary 
to prove the truth of the resemblances he considers he is 
able to establish between these formations and those with 
which he compares them. M. Brongniart has visited five 
principal places, the characteristic features of which he no- 
tices as follows. 

1. The Val Nera. We here see a remarkable alternation 
of horizontal limestone beds and a small grained trappean 
conglomerate, which has been named tuf\ but as this name 
very ill applies to rocks which bear no real analogy to each 

* The memoir of which the following extract appeared in the Annates 
des Mines, was published separately and more at large this year (1889) 
with the title of Memoire sur les terrains de sediment superieurs calcareo- 
trapp^ns du Vi^entin, &c. [Trans.] 

s2 
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other, the author names the conglomerate, trappean brecciola 
(brecciole trappeenne). This brecciola, which is not a 
basalt,, nor even a compact lara, alternates with a limestone 
containing nnmmulites and some fossil shells, the analogy of 
which to those of the calcaire grossier of Paris is remarked 
by M. Brongniart. Higher up, towards the commencement 
of the valley, the basalt appears and seems to rise from the 
lAldst eren of the Brecciola. 

This formatioii of brecciola and iqiper sediment limestone^ 
commonly named tertiary limestone, appears to fill the bot- 
tom of a great valley, formed, previously to this deposite, in 
a compact and much more ancient limestone, occurring in 
an oblique and unconformable stratification with the brecci- 
ola formation. The author refers this Mraestone to the Jura 
limestone ; as also a great part of that which occurs at the 
foot of the Alps in the same geological situation. 

2. The Yal Ronca, celebrated for the great abundance of 
shells found there, in general presents the same structure ; 
but the alternation is less regular, the brecciola is in a thicker 
mass, and the basalt more abundant; the yellowish lime- 
stone, which even mineralogically resembles the calcaire 
grossier of the environs of Paris, is filled with a multitude 
of nummulltes. These fossil shells, which have rendered 
the place so celebrated, are scattered in the brecciola be- 
neath the limestone beds. The author gives a very detailed 
enumeration of these shells, with descriptions and very exact 
figures of all those which he has not found described, or 
which have not been so well figured as to be recognised. 
The shells, to the number of more than eighty species, 
principally described and figured from specimens and the 
Information of M. Maraschini, of Schio, are all so similar, 
even as to species, to those of the calcaire grossier of the 
environs of Paris, that we may, in many^ cases, regard theni 
only as simple varieties; more than twenty are even analo- 
gous to the species found in the Paris basin, and the author 
has then contented himself by mentioning them by the. names 
given them, either by M. de Lamarck, or other concholo- 
gists. Among the analogous species are the following c 



■ Formations of' the Lombard Alps. ^illl 

Turritella incisa, verj cloise to the elongata of Sowerb/. 
Tarr: imbricataria, of Lam. AmpuUaria depressa, Lam. 
Amp : spirata. Melania costellata, Lam. Nerita conoidea. 
Lam. Natica cepacea, Lam. Natica epiglottina, Lam. 
Conns deperditns, Brocci Ancilla callosa^ Defri Voluta 
crennlata, Lam : Marginella eburnea, Lam : Murex tiicari- 
natnsy Lam : Cerithium sulcatum. Cerithium plicatum, and 
more than a dozen other species of cerithium. Fusus intor- 
tus. Fusus noae. Fusus subcarinatus. Fusus carinatns. 
Fusus polygonuB. Pleurotoma clavicularis, &c. The de- 
scriptions and figures can alone give a certain and useful 
-idea of the others.* 

3. Moutecchio-Maggiore. The trappean formation is 
here so predominant, and of such a crystalline structure in 
'Sonde of its parts, that it is more difficult to recognise here, 
at first sight, the same origin and association of rocks than 
in the preceding places : yet, if the limestone is not found in 
alternating strata, it occurs in inclined superincumbent beds, 
and we recognise the epoch of this formation in the fossil 
shells which are disseminated, not in the amygdaloiddl 
nodules, for they contain none, but in the brecciola that 
unites them. These shells are of neighbouring species, and, 
sometimes absolutely the same species as that of the two 
places above noticed, and consequently of a contemporaneous 

^ ' * The author, in his separately published memoir gives a long list of 
the fossil shells found in the calcareo-trappean rocks of the Vioentin. 

' The list is too long for insertion here, t have therefore extracted from iC 

rthe following catalogue of the genera with the number of their species. 
(Trans,) 

, . Nummullites, 1 species. Bulla, 1. Helix, 1. Turbo, 9« MoBodontAy I* 
Turritella, 4. Trochus, 8. Solarium,!. AmpuUaria, 6. Melania, 3 
Nerita, 3, Natica, 2. Conus, 2, CyprsBa,9. Terebeilum, 1. Voiuta,#. 

'Marginella, 2. Nassa, I. Cassis, 3. Murex, 2. Terebra, 1. Ceri* 
thium, 14. Fusus, 5. Pleurotoma, 1. Pterooeras, 1. Strombos, !• 
Rostellaria, 2, Hipponix, 1. Chamai 1. Spondylus, 1, Ostreas^|. 
Pecten,2. Area,]. Mytilus, 3. Lucina,2. Cardita, 1. Cardium, 1. 
Corbis, 2. Venus?, 2. Venericardia, 2. Mactra?, 2. Cypritardia, 1. 

•Psammobia, 1, Cassidulus, 1, Nucleolites, 1. Astma, 1/ TurhU 
nolia, 2, 
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epoch. The author reitiarks the presence of lignite frag- 
ments and sulphate of strpntian as points of resemblance 
between the formation at Montecehio and that of the two 
following places* 

Monte* Viale. We here see in a very clear manner the 
alternation of the brecciola and limestone; but in certain 
parts of this hill, the two rocks are, it maj be said, placed 
separately, and the basalt forms a distinct group on the con- 
fines of the hill. Fewer shells are found at Monte Viale 
than at Ronca, but those obseired are of the same epoch* 
The sulphate of strontian which sometimes fills the cavities 
of these shells, is a more striking fact here than at Mon- 
tecehio; and the lignite, which occurs here in thin beds, 
contains the remains of fish. These circiimstances lead to 
the determination of the epoch of the fifth and most cele- 
brated place. 

.5. Monte-Bolca, The trappean and calcareous rocks still 
alternate here in an evident manner; but this alternation 
takes plac^ in such considerable masses, that it sometimes 
escapes our attention ; the limestone predominates ; it ap- 
pears removed from the calcaire grossier by its compact 
texture and fissile structure, but these are only mineralogical 
differences, which should yield to the geological relations 
derived from the union of all the other circumstances, and 
especially the presence of organic remains, such as the num- 
mulites, some shells of the genus avicula, the fish that 
before appeared at Monte-Viale, the various plants, prin- 
.cipally terrestrial, and all dicotiledons, the subordinate 
lignites, and the absence of any organic remain that would 
indicate a more ancient formation. 

It results from these comparative descriptions, rendered 
more clear by sections of the rocks and figures of the fossils : 

1st. That these five places, at no great distance certainly 
from each other, belong to the same epoch of formation, and 
that other places should be added to them, such as Moute 
GI0SSO9 to the MV, of Bassanp, which the author has also 
visited, as also the Yul-Sangonini iii the Bragoiiza, Castcl 



Formations of the Lombard Alps. . ' J879 

Gomberto in the Valdagno, and: man j points of the Montet 

Bertci, which the author has not visited. 
2dl)r. That all these formations are analogous, in all their 

important characters, to the upper sediment formations com* 
' monlj called tertiary; and conseqaentlj to the marine for* 
' nations aboye the chalk of the Pn-is ba^in* But as two 

• epochs of these formations have been recognised, one beneatih 
the gypsam and the other above it^ M. Brongmart has en- 
deavoured to determine io which of the two they should be 
referred. He remarks that the presence of shells, which 
much more resemble those of the calcaire grossier below the 
gypsum than those of the upper marine formation ; that the 
presence of certain species, such as nummulites, the Nerita 

• conoidea, the CaVyophillites, &c. which have only yet beeii 
found in this lower formation ; that of the lignites, the fish, 
and the chlorite or green eatth, all of which appear to belong 
to it; that the absence pf sandstone and mica, or at least 
the rarity of this substance, so abundant -in the upper for* 
mation, present an union of characters which would induce 
us to refer the oalcareo-trappean formation of the Vincenttn 
to the calcaire grossier beneath the gypsum of the Paris 
basin, which consequently places its formation at an epoch 
anterior to that in which the rocks (also named tertiary), 
were deposited that constitute thte subapennine hills, ao 
well described by M. Brocchi. 

The preseuce oi basalts and trappean rocks seems, in the 
first instance, to be peculiar to the tertiary rocks of the 
.Yicentin, for this rock. is not- known in the formations of 
the environs of Paris ; but, besides considering it as the pro* 
duct of local phenomena and peciiliar to the north of Italy, 
jM. Brongniart conceives that a resemblance may be found, 
(though very distant certainly), between the grains of green 
earth disseminated through the lower strata of the calcaire 
grossier and the decomposed and even loosely aggregated 
^rajppean rocks, which generally constitute the predpmi- 
pant substance of the brecpipla, a substance also mixed 
,with the limestone ; so that this rock appears to differ from 
the chlorite limestone (calcaire chlorit^e) of the lower strata 
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'^f the calcaire gtossier in the eniiroiiB of Paris, only hecanle 
the limestone is there more abfudiat thaa the green earthy, 
■ whilst in the Vicentin the trappean rock predominates. 
We cannot follow the author thr^i^h all the developemen ts 

* he gives these objejCts of compariioD,:npr his citations of the 
<9ii^ndista. who hare more or less approached this result ; 

but We cannot avoid citing Mr. Boddand with faim, as.hav- 
-ing, during the tour he made in'ftaljr nearly at the same 

time as M. Brongniart, cooceiTed a similar opinion as to the 
: epoch of formation of these irocks* 

In a second memoir,* which M. Brongniart has not yet 
'read to the Academy, he refers some other places he has 
: observed or become acquainted with tp the same formation, 
< i« e^ io the lower marine formation or calcaire grpssier of the 

enriroDS of Paris ; such are among others : 

1st. I^he high hill of the Snperga, on the £. of Turin, 

principally composed of calcareous marl aiid caicarQo«serr 
-pcntiB0 .breociola, containing shells for the most part aiiala* 

gous^ to the species of Bordeaux, Chanmont, apd some other 
•places which decifledly belong to the lower formations of 

the upper sediment (tertiary) rocks. 

^diy. The summit of the Diablerets chain, abpve Bex, iq 
•the Valais. This rock differs from that of Paris, by its 

position, bj its elevation pi at least 1^400 metres [7,874 

feet] above the level of the sea, by the black colour and 
'l(ardnessof its calcareous ^d bituminous beds, but which 

may apparently be referred to this formation f (om the nature 

of the organic remains it contains, which are cerithis^, am^ 
*^pullariae, a cardium, very near the ciliare of M. Brocchi, if 
,it is not tl^e same^ the mel^ia costellata, or a very near 

species, a hemicardium, which is analogous to the retusnn\ 

or medium, &c. f . . 

.- ■ 1 -■ ' . ■ ■ ■ ■ > 

• > * This forms the seoond part pf the author's recently pubUslied me- 
moirs on the Vicentin rocks. (Trans.) 

+ We must not confound this with another rock, which appears to 

resemble it in its colour, position, &c, ; but which essentially differs from 

it in its shells; and which forms part of tlie mountains of Sales, Varens, 

:4^c, on the S.W. of the B^:(. The author, in a memoir inserted in 
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3dly% He also refbrs to this formation, but still more 
doubtfally, circumstances not having permitted hiip to ob* 
serye this rock in place and in detail^ the granulated green 
rock, sometimes mentioned by the name of green sand (gr^s 
yert), which occurs on the summit of the high alpiqe lime- 
stone mountains, at the op.ening of the Talley o( Glaris^ nepkr 
Nefelb, and perhajps in many other places,* rocks whiicb 
(Contain the remains of shells that generally resemble tkose 
^f :the upper sediment (tertiary) rocks, und esp^daBy a 
great quautity of numn^ulit^s, which, as is knownj^ tol^i^bly 
well characterize this forn^ation, yet without exclusively 
belopging to it.+ 

another part of this selection, has described the latter rock among those 
he has referred to the i^een sand. . .' 

* M. Brongi^iart adds the following note, in his separately published 
memoir on the Vicentin, to his notice of the Claris rocks. (Trans.) 

^' M. A. Bou6 has observed a similar rock, which he names gris veff, 
find.whiqh he refers to the green sand (gliiucpni.e crayeusej^ in two pli^ces 
of the first line of the N.W. slope of the Alps, on the side of Bavf^riA, 1st. 
tiear Soi^tl^Qfen, 2ndly near Trauenstein. These rocks rise 'from 300 -t^ 
1000 metres [984 to 3280 feetj above the valleys ; their nearly veriio«l 
beds incline to the S, ; they rest on^moke^grey compact limestone (zechy 
stein]!, i|pd even here ^nd there on more recent deposites. The form^ofi 
|s principally composed of quartzose sandstone^ chlorite or ferruginqi^ 
sandstone, of cqmpiict glaiiconie (green sand), of brownish or reddrah 
limestopes, with disseminated nodules of granular hydrate of iron i* |h^ 
calcareous' rocks are full of nummulites. We also observe in this fi^r^uit 
tio% ai^d especially i^ the ferruginous beds, Pelemnites, AmmPQJt^ 
Ananchites, Gryphites, Pectens, Sharki^ teeth, &C, 

(( Now if all these shells are associated in the same beds, ^s the nbte- 
M. Bond addressed to me seems to indicate, these formations resembling 
^at of Claris in the green arenaceous rock, and the nummulites would 
certainly belong to the green sand, and these obsei*vation8 would make i( 
presumable that the grds vert of Claris, Samen, &c. belongs to it also.'^ 
Memoire^ &c. p. 50 & 51. 

-f The author also refers some rocks in the environs of Mayence to the 
0alcaire grossier. In. which opinion he is Supported by M. Steininger 
^ho however does not consider the fresh water formatioq as alternifcting 
-^jth it, but as resting upon it, (Trans.J| 



Notice on the Magnesite of the Paris Basin, and 
of the position of this rock in other places. ^ 
By Alex. Brononiart, Member of the 
Royal Academy of Sciences, Sgc. 

Read to the Royal Academy of Sciences, April 1, 1882. 
(Annales des Mines, 1822.] 



The distnbnttoa of the rocks and minerals entering ]Qic» 
the composition of the crust of the globe, may be regarded 
in different points of view, and the different kinds of rela- 
tions subsisting between these bodies snccessivelj examined. 

Sometimes we take a formation composed of different 
kinds of rocks, iihose epoch of formation is well determined 
in one place, and we follow it in other parts of the globe, to 
see if it preserves the same position, and to studj the minc- 
raloglcal modifications it experiences : this point of view is 
princtpalli/ geological and secQndarily mineralo^cal. Some- 
times we study a simple or mixed rock, of a certain nature, 
and following it in different places or in the different forma- 
tions in which it occurs, we examine at what epochs it has 
been deposited on the surface of the globe, what are the mi* 
nerals and rocks with which it is associated, and what pecu- 
liarities it presents in each of tliese epoclis. This point of 
view \% principally mineralogical and secomlarilj^ geological : 

* Tliis paper is perhaps more mineralogical than geological, yet as it 
involve*! geolojrjcal conHiderations I conceived tliat it would not be out 

of place ill till!* selection. (Tran;?,) 
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it is as prodactiye as the first in general results, and conse- 
quentlj as proper as it to discover the laws which have pre- 
sided at the structure of the earth, and at the formation of 
the minerals that enter into its composition. 

It is under this last point of view that I shall consider the 
mineral which I have mentioned by the name Magnesite. 

The following are the minerals to which I give this name. 
I distinguish them in two principal series, which may ooe 
day be separated, into two species when we shall haTe.ob* 
^served sufficieptly essential characters^ to establish this dis* 
tinction. 

1. Plastic magnesite (magpesite plastiqae),. composed of 
magnesia, silex, and .water, without carbonic acid. 

I here comprise the magnesite^ so improperly named ecume 
de Mer, that of the environs of Madrid, that of the envjrons 
of Paris^ that of $alinelle, department of the Card, &c. 

Serpentine might, from its composition, almost be referred 
to this species; but it is distinguished from it by its miae- 
ralogical characters. 

2. JSffprvescent magpesite (magnesite effervescente), es- 
sentially composed pf magnesia and carbonic acid, sometimes 
associated with very yariable proportions of silex and water. 

We may refer to this division the magnesite of Ilroub- 
schitz in Moravia; those of Piedmont^ of the Isle of Elba, 
of Baumgarten in Silesia, of Styria, &c. 

Having made known, as far as it appears necessary, the 
minerals I include under this name, I shall now describe the 
position of the magnesite of the Paris basin, and present the 
union of a few facts and observations in order to complete 
the gepgnostic history of these minerals, the principal object 
of this notice, 

Parisian Magnesii^^ 

I first observed the presence of magnesite in rather ei^ten- 
sive beds at Coulommiers, twelve leagues to the E. of Paris, 
and afterwards quite close to the latter town : I shall des- 
cribe this variety and the circumstances of its position with 
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some detail,' as I shall afterwards employ it as a type of coin* 
parison with the same mineral, fo^und in other positions and 
In other places.^ 

The magnesite of Conlommiers, in the pnrest specimens, 
for it is often mixed with other things, possesses the follow* 
ing characters : 

Its masses are soft, smooth to the tonch without being 
Unctuous ; its powder is rather hard. 
' It easily absorbs water and swells out considerably, be-^ 
comes slightly translucent, and forms a short soft paste, re- 
sembling jelly. 

It does not effervesce with acids. 

Exposed to the action of a porcelain furnace (at 140* of 
Wedgewood), it hardens, exfoliates a little, but does not 
suffer any other alteration ; it does not shew the slightest 
trace pf fusion, either in its thin pieces or on the surface ; 
It however becomes rough to the touch, and hard enough to 
scratch steeL 

M. Berthier has analysed this magnesite, chosen from the 
purest masses^ and has found the following ingredients ; 

Magnesia ; , , • 24 

Silex.,. ,.•. 54 

Water , 20 

. Alumine • • . 01,4 

99,4 
The magnesite of Coulommiers occurs in masses, which, 
liy their schistose structure and thinness, shew they belong 
to thin beds. 

.^ Its colour is whitish, n^ost commonly pale grey ; it has 
often a roseate tint, but it loses that and its grey colour in 
the fire. It is associated with brownish and reddish chert 
(silex corn6) of a very scaly fracture ; it is intimately united 
with it, and penetrates into all its carities, and even into its 

* I am indebted to M» Merim^e for the knowledge of this magnesite. 
He \ras struck with the soapy uqctuosity of a stone which he found at 
Coulommiers, and having breught it to me, he put mc in the way of dis- 
covering this mineral in the Paris ba'^iu. / 
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mass ; it is also verj frequently assodiated wifh marly lime* 
stone^ and then effervesces and becouics partly fusible, ' '^ 

This iaaagnesite occurs in thin beds, interposed between 
beds of marly limestope and calcareous marl^-nekr Goulom-' 
miers, on the right of the road, entering the town on thtf 
Paris side, in a small hill having a north and south diree* 
lion, and which having been cut to form a canal, exposes its 
interior structure and the following series of rodu^ beginuiag 
with the uppermost. (pL 10, fig* 1.) 

' 1* A bed A, composed of siliceous limestoike, the middle 
of which is of white and cellular chert (silex come), and. the 
compact limestone mass filled by small shells scarcely deteiN 
minable, and by larger shells, such as Limneus longiscatus^ 
cyelostoma liiumia, &c« ' S 

- S. ■ ThiJB bed rests on a bed B of very irregular thicknessi 
of a greyish fissile earth, resembling clayey nlarl, and whicfa 
has been Vecognfsed to be an impure magnesite (m.), i«!e< 
mixed with* calcareous marL ' .,./.? 

34 Their follows a bed of soft and friable calcareous marl^ 
containing another small bed of magnesite (m). ^ v '.^i 

4* A bed of calcareous marl without Mlex, beneath whiiU 
is another small bed of bronn impure magnesite. ' 

^. A thick bed of white calcareous marl D, subdivided 
into maiiy strata by inarl bed^, and by a bed of zoned chert 
(silex come zonaire), almost jaspicy without either shells ot 
magnesite. * . . \i 

'^' 6. A bed E about two decimetres thick, composed, of 
brown cl^ert (silex C9rn6} in irregular nodules, but prihci^ 
pally flattened. The^e are the nodules that are enveloped 
and even penetrated by the Parisian magnesite of an isabelU 
Toseate grey colour (m). It is sometimes very pure, does 
not effervesce with acids, and is absolutely infusible in'thf 
^eat-df a porcelain furnace. It is sometimes slightly trans- 
lucent. » 

7. These cberts (sitex) are placed on a bed'F of hard 
calcareous marl in nearly round nodules, and containing cy* 
clostoma mumia. 
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. 8. Beneath is a thick bed G of white calcareous marV^ 
friable or odIj splintery, and containing neither chert (silex) 
nor shells. 

. The total thickness of the beds composing this hill is nine 
metres [about 99 feet]. . . . ^ 

. As this succession of beda atid rocks is isolated, as no 
other formation is seen above, it, dnd as we do not know- 
that on which it. rests, we can at most snspect its position by 
a comparison of these rocks with tborse that resemble them 
in the P^ris basin; bat. this is a presnmption difficult' to 
prove without the presence of the organic remains found ijat 
it; now this character, which is so ttsefnl in establishing 
analogies between formations, far distant from each other, 
possesses all its value when it is required to determine the 
position of one formation with respect to the others in. the 
same. basin: it may then be here employed with perfect 
safety, and geologists who admit these rules of determina* 
don, and who have seen the cyclostoma mumia and Limneus 
longiscatu9 cited, have immediately recognised the position 
of the formation, containing the magnesite of Coulommiers. 
These shells are not marine, one of the^i is evidently a fresh 
water shell, consequently the magnesite belongs to a fresh 
water formation, and the two species of shells I have just 
mentioned, having as yet been only found in the middle 
fresh water formation, in that situated between the two ma- 
rine formations of the Paris basin, we should refer the mag* 
nesite of Coulemmievs to that fresh water formation ; it forms 
part, as we have elsewhere * shewn, of that which we have 
named siliceous limestone. Th^ hard calcareous marls, and 
the silex that accompanies the magnesite, remind us of the 
siliceous and calcareous characters of this depesite, and com- 
plete all the analogies. / . 
. The magnesite having shewn itself in a ycry distinct man- 
ner, both as to its purity and quantity in the siliceous lime- 
stone of Coulommiers, the rules of geology teach us that 
we should find it elsewhere, by searching for it in this for- 

♦ Description geologique des environs de Paris, 1822, p. 38, and 203. 
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malioo ; this has in fact bappenerd. Proceeding towards 
Pflrid^ and at about two leagues fnim Coulommtefs, we ob^ 
serve near Crecj the same rock with the same mraemlogical 
circumstances ; i. e. the limestone so* compact that it resem* 
fol^s the fine compact limestone of the Jnra^ the chert (siiexy^ 
the clayey maris, the magnesite, bat Less pure, and ihe same 
fresh water shells. 

The short distance of these two places rendered thesfere^ 
semblances very presumable ; but transporting oui^elvd^ to 
-St. Oden, close to Paris^ on the bank of the Seine aind at tht 
foot of Montmartre, we find the magnesite in a formatioA 
altogether similar to that of Cotiilommiers ; the same lime- 
atone, the same chert (silex), the same shells occur there ; 
the position of the rock beneath the gypsum is there welt 
•determined. The magnesite is however less pare here and 
less apparent ; traces of it only occur ; these traces had long 
since been ofoserred. M* Armet had remarked the'presenee 
of magnesite in the marls of Montn^artre; M« Bayen had 
observed^ more than thirty years unce, and had shewn me 
^at the menilite contained it^ Now this belongs to the 
fresh wate^ formation beneath the gypsum; it is probable 
that we should find this mineral either in minute quantities, 
or lu small masses, in all the siliceous limestone recks of this 
same formation, such as those of Champigny, Orleans, S^p- 
teuil, &c, I have recogni^d it in vt greyish clayey marl 
which accompanies a silex resinite of the environs of Mans, 
consequently at more than 40 leagues, to the west of Paris, 
tnd 50 leagues from the first place in which I have men- 
tioned it* 



Geological circumstances ofihe magnesite of different places^ 
compared with those of the Parisian magnesite. 

We shall find this rock still further distant, in a b^sin se- 
parated from ours not only by a distance of more than 1^ 
leagues,^ but. by chains of mountains whose structure and 
nature are altogether foreign to those which surround our 
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Jbmn ; now, it is remai^kable, that we find' the teagaesitf 
with tlL the cii^amstaacei lirhich accompaoy it hi that pai^ 
of the Paris basia whisre it is most pure* 

Magnesite has long since bedn observed at Salinelle near 
3omihi^l%s, in.tlie department of the Gard^ between Alais 
and MontpelUer ; /bat its position has only been determined 
a few years since, bj the description M. Marcel de Serte 
Jias published .'of it. 

(.. It Is therefore solely to the remarkable, acialogy of tbia 
fiosition. with that of Coulomoiiers that I wish to call the 3tr 
tfinitiw <sif naturaUsts. The ikiagpesite. of Sfdinelle is schistoere 
like:that of Conlomnuertf ; it possesses the.saaij&. oolpur, ap- 
proaching grey with a :roseate tint, with the same tenacity ; 
it absqrbs^ wtiter in the same manner ; it is composed of the 
same ingredients, i. e.^0 parts of magnesia instead of ^4, 
£1 of sUex instead of 54, and ^2 of water instead of 20. It 
will be acknowiedged ;tbat it is diCcuU to meet .with more 
rifsemblance between' nncrysfalliz;ed minjerals,* which ocdnr 
at.more. than 100 leagnes from each, other,, and if 4;he miner 
ralogtcal species cannot be here detenmned' by the fonp, it 
i% sufficiently so by the (Composition: -the analogies drawn 
from its associated minerals, and its position are the same; 
it is mixed with nodnles of chert (silex corne) which resem^ 
ble onrmenilite; it is accompanied and covered by. marly 
limestone .containing fresh .water shells, consequently it be»- 
Jiongs, with that of the Paris basin, to a calcareo-siliceous 
fresh water formation. 

But magnesite, i. e. this stone ^sentially composed of 
magnesia, silex, and water, occurs in many other places dis- 
persed over the surface of Europe, and consequently placed 
at great distances from each other. Sometimes we are ac- 
^q^ainted with its mode of occurrence, and then we know 
that it is very different from that I have above described ; 
sometimes we are ignorant of it, or at least we do but pre- 
sume it: but in all these places and in all these positions 
we shall see the magnesite to occur accompanied by. the 
same mineralogical characters and the same g^oiogical dr* 
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cumsiaticeg (circonstances geologiques) ; * a consideration 
that must not be confounded n^ith the geological position 
(gisement.) 

The inagnesiie of Vallecas neat Madrid is already known, 
for id 1807 | des(Sribed, lii my Trait6 de Miiieralogie (t. ^. 
p. 49^.), its nature and properties, from the information 
obtained by the specimens receired from Messrs. Sureda, 
Duineril^ and Mieg, and of its position from the same speci* 
mens, and the information of M. Link, who took it for a 
kind of clay; a very excusable error at that time. M. de 
iRiTero has however studied the same places, and has sent 
me an ideal section of this rock, which I have given, pL 10, 
fig. "2', and a detailed description which I shall transcribe 
almost literally. . _ • 

^^ The village of Vallecas is two leagues to the south of 
Madrid ; it is situated lower than the latter town ; an iso- 
lated hill, named the hill of Vallecas, occurs near the vil- 
lage : before we reach the top of this hill, we ineet with 
small hillo(iks and excavations which arise from the work- 
ings of the m'agnesite ; the tour of this hill may be made in 
30 minutes. From observing the locality, an idea fs con- 
ceived of a gypsum basin on which the magnesian rock rests." 

^^ If we observe the structure of the hill, we observe, com- 
mencing at the lowest part (pi. 10. fig. 2.), N*^ 9, gypsum 
with clay, which belongs to the saliferous formation f of 
Villarubia : this gypsum extends from the walls of Madrid 
to the junction of the river Javama with the Manzanares ; 
it is very distinctly seen near the hermitage of Notre Dame 
de la Torre, ISO metres [492 feet] to the west of the hill 
of Vallecas and near the canal of Madrid ; there then fol- 
lows a bed of reddish clay (N" 8.) with nodules of flint (silex' 
pyromaque.) Though the magnesite has not been observed 
immediately on the clay, yet M. de Rivero conceives that it 

♦ I have literally translated M. Brbhgniart's expression, thoi]^h I 
•hooid not have used it myself in the same sense ; M. Brongniart seems 
only to imply that it ii constantly associated with certain minerals, with- 
out any reference whatever to its geological or relative position. (Trans.) 

+ New red or saliferous sandstone. (Trans'.) 

T 
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rests upon it, because ascending towards the hill, the cia^- 
nesite is found to follow ; and the flint nodnles are the same 
as those of the magnesite. The magnesite (N^ 7, m.) occurs 
in yery thick beds^ coating flints which are disseminated 
through the beds : these beds are defty and in the clefts 
we find asbestos (asbeste papyriforme)| on which crystals of 
carbonate of lime are obsenred ; they are also seen on the 
magnesite. This same deposit re-appears close to Madrid, 
it may be obsenred as we leare the barrihre by the Portello ; 
the flint is there disseminated in the same manner. M. de 
Riyero has also met with it on the banks of the river 
Manzanares, opposite the king's villa; it has also been 
found at Cabanas, nine leagues to the north of Madrid : the 
author, not haying visited this last place, is unable to describe 
its situation. A thin bed of greenish clay (N*" 6.) contain- 
ing yery little magnesite is observed above the magnesite at 
Yallecas ; then follows a reddish common opal (silex resi* 
nite) in beds of variable thickness, very fragile, presenting a 
crust of manganese on some parts of its surface ; this opal is 
worked for gun flints. A very soft and nearly earthy mag- 
nesite (N^ 4.) is found above this fragile opal." 

<^ The different beds above noticed by M.iie Rivero, oc- 
cur in the hill of Yallecas. The top of this hill constitutes 
a platform^ on which are found many flints, and pieces of 
opal, with crystals of carbonate of iron ; crystals of pseudo- 
morphous quartz have moreover been observed, and have 
been taken for opal crystals." 

^^ Shells have never been met with in this formation. The 
beds, represented in the ideal section, fig. 2, by the Nos. 
1, 2, and 3, appear on the banks on the Manzanares, as we 
quit the gate leading to the Escurial. 

The author has above stated that magnesite is met with 
on the banks of the river, and if we ascend towards the 
town, we find beds of greenish and reddish clays ( No. 3), 
of which bricks are made, and above these clays an alluvial 
formation (No. 2), composed of fine grained sand, and 
lastly vegetable earth, (No. 1) on the surface." 

Thus the magnesite of Vallecas and Cabanas, near Mad- 
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ridy possesses the sameteiticity, ihe same hardness, tbesame 
lightness^ the same superficial roseate tint, 'as those of Coq- 
lommiera and Salinelle. It is eqnallj composed .ef 23 parts 
of magnesia, 53 of silexy and 20 of water*; it is acconch- 
panied, like oars, bf chert (flmt?), which also padses 
JntQ its masfty bj common opal. (»ilex re^ntte), by chaLce«- 
:diB«7) by crystallized quartz, and' calcareous spiir altogether 
resembling- those of our sUiceous limesyCone; It afford% 
certainlyy no organic remains ; but we knew that these re- 
mains are tare in the siliceous limestone of the Paris basio, 
of Which our magnesite forms a part ^ lastly if it appears to 
differ by its position on a saliferous gypsum, much more 
ancient than our gypsum, add calcaire grossier, it is not 
corered ^by -^any rock which: appears .mone ancient than thie 
latter, ;and it is like them in horizontal beds. 

If from Spain ire transport oursehres to Italy, io the foot 
of the Piedmontese Alps, we shall find, at a short distance 
from Turin, the serpentine hilks of Castellamonte and Baldis- 
sero, traversed in every direction by veins of magnesite which 
is tenacious yet plastic, light, and with that rpseate superficial 
tint which we have noticed in the preceding magnesites. 
Its principal or fundamental and characteristic composition 
appears to be still the same, i. e. of magnesia, silez, and 
wAter. Herie however we have carbonic acid, which' seems 
io Indicate a different chemical species ; but its geological 
^h^mttaneet are still the same. I have already noticed 
-them in roy memoir on the geological positidh of the«elrpen<- 
tfaieis^ 'Where I have given a figurative section of them. 

7he mineral no longer occurs in horizontal beds, or no- 
-duies interposed ki the beds, but in numerous veins, uniting 
in every direction in the midst of the serpentine; chert, 
common opal, and jasper, presenting many varieties of tex- 
ture and colours, are constantly and intimately united with 
it, as at Coulommiers and Salinelle. They have been 
formed even in the midst of the magnesite. This circum^ 
stance of geological association is then remarkably constant, 
even when the geological position has no longer th» same 

t2 
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character, and it is here very different. It appears to me 
well established, that this magnesite belongs to the serpen- 
tine, formation of the Apennines, consequently to ancient 
rocks, nearly of the transition epoch. 

Tliere are other examples of magnefiites^ but the circum- 
stahcies of their geological position are less well known ; yet 
both what is known, and their composition, still very welL 
agree with what we have stated of the preceding. 

Thas th0 plasties magnesite of Asia minor, known by the 
name of Ecume de Mer, has all the exterior characters of 
that of Piedmont, and even that of Coulommiers, with a 
composition that rery slightly differs; it has, like it, the 
roseate superficial tint which also occurs in the magnesite of 
Hbubricht in Monrvia. But in this, the carbonic acid, which 
is in some quantity, seems to establish a mineralogical differ* 
en'de, the importance of which is not yet well appreciated ; 
the presence of silex nodules which pass into the mass, re» 
•minds us of an analogy in the getiogkal circumstances^ which 
is rather remarkable. 



Conclusions. 

We shall confine ourselves to these examples i they are 
^sufficient to prove the relations of formation which we wish 
to establish between the. magnesite of the Paris basin and 
those we have just mentioned* The magnesite in all, whe* 
ther it be or be not combined with carbonic acid, contains 
water and silex: this last' substance does not occur only in 
chemical combination with the magnesia, it also forms iso-« 
lated masses, and whatever the mineralogical differences 
may be that these varieties of quartz present, not only 
is its presence all that is necessary to establish the geo* 
logical resemblances which we desire should be remarked ; 
but it may be said that thesJe varieties follow without inters 
ruption from the oldest to the newest magnesites, as the foU 
lowing table will shew : . . > 
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rCrygtallized quartz 
P^rinaii Magnesite ....•) Chert 

CSeyeral varieties of opal (silex resinite) 

Magnesite of Salinelle. . Chert 

r Crystallized quartz 
•»* -A eiur ^ 'J 1 Chert (silex corn6)' , 
Magncite of Madnd .. ^Chalcedony 

f Several varieties of opal (silex resinite) 

■^ .^ -,, \ Chalcedony 

Magnesite of Moravia.. J ^jjj^^j^j'g^jj^p^l (gHex resinite) 

l Chert 

Mapesite of Piedmont ^^^^^"^5^^p^j (eilex resinite) 

(jasper 

Before geology had acquired in principles and facts the 
precision to which it has now arrived, the presence of mag* 
nesite in the Paris basin had no other result than that of 
adding a mineral species to the list of those contained in our 
country ; but this fact now possesses another interest : it 
has served to unite ebsenrations which were, it may be said^ 
Isolated* It informs us that the magnesite beds were depo- 
sited on the surface of the globe at very difPerent epochs^ 
for some (those of Piedmont) belong to the most ancient 
sediment rocks, and others (those of Salinelle and Coulbm- 
miers) to the newest sediment (tertiary) rocks ; and yet 
we see theae deposites aecompanied by nearly the same 
geological circumstances • Such a remarkable constancy id 
the association of silex and magnesia, two bodies between 
which there is no chemical analogy, will fix the attention of 
geologists, and may perhaps contribute to shew us the origin 
of these deposites, as the thermal springs of Italy depositing 
travertine have pointed out that of the freshwater limestone. 
It is still apparently from the bosom of the earth that the 
liquid arose which deposited these rocks; for we find in 
certain thermal waters traces of all the ingredients of 
their composition : the mass of water is at present immense 
in comparison wjth the matters- held in solution ; but these 
matters exist in it: they are deposited, as M. Berthier 
has observed at the waters of Vichy, St. Nectaire, &c.* 
not only separately but nearly in the same order as tb^ 

♦ ^nnales de Chimie et de Physique, t. xix. p. 134. 
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calcareous and magnesian fonnations. The first depo8ite«, 
those which are nearest the spring* this able chemist tells 
us, are also those roost charged with peroxide of iron and 
silex ; the limestone, still ferruginous^ then follows, and is 
the more pure and more separated from these two sub- 
stances, the more distant it is from the point where the 
spring rises from earth ; the carbonate of magnesia is the 
last deposited. 

Without wishing to establish any seal resemblance be- 
tween this succession and that of our rocks ; without wishing 
to represent that these rodLS, certain . beds of winch shew 
too clearly the characters of mechanical aggregation for them 
to have been, formed by solution,, have been deposited by 
.the mineral waters of the andent world, we cannot avoid 
remarking that commencing with the chalky we find a series 
of rocks, the nature and si^^cession of which are nearly the 
same as thpse which M« Bevthier has pbserved in the depo* 
sites frpm jppneral water^^> Thus^ Ist^ a new formation, i^. 
a new, emission of dissolved master would^ appear to com- 
pience aboVja the chalk,: at first depositing /ulex.imd iron^ 
represented^ one by the beds of sand and sandstone, and 
the other by the iron ore found 90,^ abundant^ in the de#> 
posites of lignites and plastic clays, which, cover the chalk ; 
2dly, the more or less compact, lip) estone,\ accompanied by 
irpn and silex in the lower bed?, and by silex in the upper 
beds;, 3dly,; the magnesite aliso accompanied by silex, which 
still occurs in the lower gypsum bed3 ; this silex is partly 
soluble in alkaline liquids, like that of the calcareous depa* 
sites of cert^n mineral waters ; 4thly, the gypsum, the most 
soluble substance of all those we have named, and which 
should be the last deposited. .. . 

We do not pretend to draw any. other conclusion fjcom 
these different resemblances ; but it appeared to us right 
to hazard them, if it were only to engage the attention of 
chemists and geologists. 



Observntians on a sketch of a Geological Map 
of France, the Pays-Bas, and neighbouring 
countries; by J.sJ. d'OM alius d'HAZLOY.^ 

* 

(Annates des Mines, 1822. ) 



Wr^x Baron Coqnebert de Montbret was charged with 
the direction of the Statistics of France^ be conceived the 
project of a gieneral description of this vast state, which 
should be established on less variable bases than political 
and adminlsftrative divisions, and which should avoid the 
repetitions which the particular description of eaph of these 
aCrtifictaldivisiions requires; he, in consequence, ^as desirous 
o'f forming divisions into physical regions ; but he felt that 
Sydrogra^hical basins, thotigh invariable, were not more pro- 
ductive of general results than political divisions; he on the 
contrary considered that the only divisions fit to attain the 
proposed end, were those derived from the nature of the 
ground. The productions t>f a country in fact depend on 
this circumstance, and notwithstanding the modifications that 
may arise from manners, governments, and other causes, the 
inhabitants are gienerally in constant dependance on the pro- 
ductions of their soil. 

^This memoir was composed at the end of 1813$ but the author, 
called for some time to duties which did not permit him to occupy him- 
self with natural sciences, has been obliged to delay its publication until 
the present time; but he hopes that this circumstance will plead his 
excuse for not placing his work on a level with the progress that geology 
has made within the last ten years. 
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A sketch of this nature, which I puhlished in 1808, fur- 
nished M. de Monhret with the idea of engaging me to con- 
stmct a map which should represent the mineral masses of 
different kinds which cover the surface of France ; he pro- 
mised at the same time to direct me by his adfice, to place 
at mj disposal the numerous materials he had assembled in 
the course of his studies, and i^ facilitate the acquisition of 
new.information, both by his correspondence from the Bureau 
de Statistique, and his personal acquaintance with the most 
able mineralogists, especially the. Engineers of the Mining 
Corps of France. I eagerly embraced a proposition which 
so completely entered into my pursuits, and which would 
place at my disposal an union of means superior perhaps io 
those enjoyed by any naturalist;. but I soon perceived the 
almost insurmountable difficulties of this work. I observed 
that independently of those which result fiom the nature of 
the. work, the i^formi^tion wifh i^hich I was surrounded left 
ifpmepjse deficiencieS| that many observations which vrent 
back to epochs, anterior to t)ie progress geology has latterly 
jqade, had becom^e us^lei^s, and that far from being able to 
sn^pply them by my own labours, it would require the whole 
lives of many laborious men to unite the necessary materialis. 
These obstacle^ would have made me renounce the enter* 
pHse if I had npt felt that this kind of work Ium! better be 
i}l done than not at all, since it may in some' manner be said, 
that error in this case leads us to truth. I also thooght that 
the kind of sacrifice I should make of my self-love for the 
advantage pf science, would entitle me to indulgence. I have 
then constantly devoted to this work the little time that 
duties foreign to science left at my disposal, and I have 
made several tours which, though too rapid to procure me a 
true acquaintance with the countries I passed through, yet 
furnished me with the means of arranging the observations 
of others on the same plan. 

Two principal points of view seem equally to lead to the 
division of a country into physical regions determined by the 
nature of the soil : in one it is considered geologically, i. e. 
according to the epoch of formation ; in the other wkh re- 
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J^ctto its mineralogical and chemical nature. We might 
§t firet flight imagine that the latter w^y' was the best to at- 
tfiin the- end- proposed) as it seerqs to hare mos^ connexion 
yffUh the aotion pecnlfar earths e;|(ercise on yegetation; but, 
on tibe oth^ Jiand> the different states of aggregation of the 
substances- composing the rock, the physical position of the 
soil) and other circnm^tances belonging to the epochs offer- 
piations, often. exercise an equally, marked infinence. That 
tl^.pa^rages of the Pennine 'Alps, the heaths (garrignes) 
of liapgn^doC) and the fields of la Beauce, present very great 
differences in their aspect and productions, though the soil 
is calciM^eous in all. It will moreoyer easily be perceived 
that the geological mode of .consideration is much mor6. ad- 
vantageous for the progress of science, that it. offers much 
more interest, and that the power it allows of uniting, ac-« 
cording to circumstances, many systems into one group, per^ 
pits us ^o dispense with the deti^led observation which 
would bje; required, in the other case, for the ifrequent 
changes of the predominant substances, in a formation of the 
same epoph. 

it may be supposed that, this principle being once adppted| 
i/t:W;Oul4 he sufficient to take as guides the divisions estab-^ 
iished in giEiological works, and to mark on the map the 
places where sthe different formfitions determined by syste* 
niatic authors occui^; but experience soon proved to me that 
t coiU4 np^ follow this mode, though so simple in appear- 
ance^. for admitting all the subdivisions established in geo- 
logical treatises,, we should infinitely multiply the obstacles 
resulting from the want of observations sufficient for such a 
large extent pf country, and from the difficulty of referring 
to common terms the different systems that exist in distant 
countries* It sometimes happens that rocks. which are greatly 
developed in some countries fine off to such a point in others, 
that it is no longer possible to mark their existence on a ge-. 
nerat map« It has therefore been necessary to sacrifice to 
uniformity the very* natural desire of presenting all the de- 
tiiils we possessed on certain countries ; it was also necessary 
to foi'm a system which, while it left out a great part of the 
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divisions established bj authors^ shonld yet preserve the 
most essential sections, and should agree with the develope- 
nient of the different rocks in the countries I wished to re« 
present r it will easily be understood tliat if sotot rocks fine 
off so that their existence cannot be separatelymarked 6n 
the map) and that these rockspossess general relations which 
distinguish tBem from other groups, it would be 'better to 
represent them by a common sign, rather than to undertake 
a distinction that could onlybe adopted^ in a few instances. 
' Guided by these considerations, and after numerous trialsj 
I have been led to the system which has served as a basis to 
the map of which I hazak^ the publlcati6n.* I am for from 
codsldellog'thls system to be without objections, perfection 
will never be attirined in a flirst sketch, if perfection could be 
found in the Works of men. 

I shall not now undertake a particular examination of the 
diflRnent groups of rocks traced on the map ; but I shall 
shew the principled that have guided' me in the formation of 
thesfe groups. 

The old division of rocks into primithe and secondar^y 
i. e. anterior, and posterior to the existence of organized 
beings, can no longer accord with the intimate union that 
has been remarked between some primitive rocks, and beds 
containing organic remains ; the celebrated school of Frey- 
berg introduced an intermediate class in which to place these 
last beds. Since that time, new observations have proved 
that these intermediate rocks, instead of being constantly 
posterior to all rocks that had the general characters assigned 
to primitiye formations, occur included between crystallized 
rocks, which do not contain any organic remains. 

• The work which I have undertaken conjointly with M. Coquebert 
de iKonbret, containing many more details than could be represented in 
the small map joined to this memoir, we conceived it might be useful to 
publish it on a larger scale ; we have in consequence made it the subject 
of another and more extensive map, on which M. de Monbret has more* 
over added various agricultural information, such as the limits of the 
countries in which (he vine, olive, orange, &c. are cultivated. 
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' We may deduce two important conclnsioiid from thete 
latter ikcts : tiie first is, that nature has been- able to pro- 
duce similar rocks at different epochs, and thatooosequently 
mhieratog;ical chamcters are' insufficient to determine geolo- 
gical divisions* The second is, that r^dts until n)»w con- 
sidered as primitiTe may be posterior to- tbose which contain 
diganic remams: 86 that, in the actti^ ^e of onr know* 
ledge, it becomes yerj difficult to distinguish the true primiJb 
tive rocks from the transition, and every great division de^^ 
parting from this principle ift of difficult application* It' 
should not therefore be surprising if I propose to unite these 
rocks into one great class, which I shall name prhnordiat 
rocks (terrains primordianx), which has already been em* 
ployed to indicate a less exclusive property than that attri*' 
buted to the word prfmdim. • 

. These rocks possess a yery important character, which is 
that their lieds occur in inclined, disturbed, and even ver^*' 
cal positions* The most ancient secondary rocks certainly 
also present circumstances of thig nature,* but less generally 
and Bof Jn so decided a manner. 

Pwas desirous of tmcing on the map the prmcipal systems 
tint are distinguished in the primordial rocks; but after 
having successively reduced the number of these divisions, 
i found myself obliged' to renounce the project ; for indepen* 
dently of the rocks presenting the union or rather the con- 
fusion of 'many formations, I must confess that I at present 
find the geological relations of all these divisions to be In the * 
greatest uncertauity. 

' It must in fact be confessed, that our means of jud^^ipg of 
the relative age of rocks are in the end reduced to the super- 
position of beds. All the other characters we employ for 
these determinations are but analogies drawn from the obser- 
vation of places where the superposition is evident, and 

*'And also the newer secondary rocks, as for example the vertical 
beds of plastic and London clay in the Isle of Wight, (the latter being the 
e({uivalent of the calcaire grossier of the Paris basin,) as also the nearly 
vertical chalk of the same place and Dorsetshire. (Trans.) 
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where it does not appear that the priautire diiposition of the 
beds has been deraiiged ; but can we place troe confidence 
in the superpositions observed in the primordial rocks in 
which the beds are often vertical ? (t is an opinion very 
generally adopted^ that these beds have originally had a 
horizontal or slightly inclided position^ and that they owe 
their present situation to violent causes : now, a cause suffi- 
ciently violent to throw a bed into a vertical position, may 
alsei have given it an inclination in a contrary direction, and 
cpnsequently have placed that beneath which was at first 
ajbove ; we may the more easily admit this mode of super- 
position, as the numerous accidents of the inclined beds 
shew that their distorbance has not been the result of one 

catastrophe alona. . 

I am fully aware that the partisans of the exclusive ante-t 

r|ority of crystallized rocks, -may retort this argument, by 

attacl^ing the conclusions which I draw from the position of 

some of these rodLS ab«ve those containing organic remains ; 

but if they grant this principle, the whole of their system wiU 

fall to the ground, since the series of formations they adopt 

19 only founded on these superpositions ; the character of die 

abseiice of prganic remains is but a negative fact of little im« 

portance in this respect, since the study of secondary rocks 

has proved that the deposites of a siliceous nature and those 

abounding in. crystallized portions, commonly contain few 

or np organic remains, as if the liquids from which these de- 

pontes were made had driven the animals away. - . - 

The common divisions of primordial rocks not being ap- 
plicable to the map of the countries on which X was en- 
gaged, I had the idea of substituting another, founded on 
the circumstance that we might recognise three- bands in 
these rocks, which are distinguishable for peculiar charac^ 
ters* One of these bands, situated in the north, and which 
comprises Britanny, and the countries between the Scheldt^ 
the Weser, and the Hartz, is remarkable for the abundance 
of slates, and trao^ition limestone found there* 

Another, on the south, which comprises the Pyrenees, 
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the M<mtagiie Noire, and the Alps, is distingnished bj a 
great qilantity of slatf rocks containing more 6r less talc. 

We are lastly, in the intermediate space, struck with. the 
abundance of granite in the primordial rocks of the centre 
of France, the Vosges, the Forftt Noire, &c* 

Yet I renounced the desire I had of making these did^ 
tinctions on the map, because in the present state of mf 
knoif^ledge, I could attach no geological consideration to it, 
and because these distinctions might arise solelj from cei^- 
tain systems of rocks, common to the three bands, being 
more developed in one than in the othei> 

In fact, if I were desirous of finding the most ancient of 
these tliree modifications, I should direct my attenti<Hi to 
tlie summits of the Alps and Pyrenees^ which have long been 
regarded as the crests of the ancient world ; but I see, that 
M. Charpentier,* considers th& granite of tlie Pyrenees 
less aqcient than that of Saxony ; that M. von Buch f be-^ 
lieves diat the granite of St* Gothard rests on talcose and 
calcareous rocks; and I observe that the granitic roCks^i^ 
Mont Blanc bear great analogies to those in the Tarentaise, 
which M. Brochant has shewn % to belong to the transition 
series. If I afterwards desc^id in^ the centre of France, 
to examine « granite altogether similar to the rocks of 
Saxony, which are regarded as of the most ancient formation, 
I remark considerable resemblance to the rocks which, ia 
Britaony and the Contentin, rest, as id Norway, on transi* 
tion rocks, and an intimate connexion with the secondary 
rocks evidently ^sterior to the transition series. 

On the other hand, the union into a single group of all 
the primordial rocks, i. e. of those commonly Calle^d primi- 
tive and intermediate, has presented the most fortunate 
harmcHiy with the physical and economical considerations 
that may be deduced from the work which fortns the sub- 
ject of this memoir; for nearly, with the exceptions that rcr 
suit from the mineralogical nature of some particular rocks*, 

* Journal des Mines, t. xxxiii. p. 101. 

-f Leonh&rd*s Taschehbuch, &c. ; 6. Jahrgang, seite 335. 

X Journal d«s Mines, t. xxiii. p. 38S. 
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fitmi the disposal aod elemtion of the soil, from the form'a- 
tioB of the YalleyS) and the existence of some superficial 
depositeS) all these rooks present the same aspect, the Same 
tendenoy to be covered with heaths, pastures, or foists, and 
the same diffijculty of producing wheat ; characters which 
are found equally on the slates of the Ardenne, the granites 
of the y mottsin, and the tilcose ro0ks of the Alps. 

The secondary ro€k9 do not offer the same uocerhdnty as 
•the primordial, the superpositions are here evident, and al* 
4boagh % part of them have suffered the effects of distur- 
bance, it is not in .so violeiit or irregular a manner, and we 
•cannot hera suppose that a large mass .has really been. turned 
'Over ; the veiy genetoal .preseqice of orgmic remains offers 
tmany means of comparison between distant countries, espe- 
cially since the brilliant progress this study has made of late 
yews*- Tet, the distribution of the liquids into -particular 
liasilis in which the newest formations have been deposited, 
the "tendency that Aese itKckS Isave to change their aspect 
or rather to develope one s^jMtem at the expense of another, 
according tatoutitries,: leave many doubts to be cleared up. 
I have considered myself able to divide these rocks into 
five groups, of which I shall sketch the general characters. 

The first .has for its type the rocks known in German geo- 
logy by the^name of todt-^liegende * or red sandstone, to 
which I unite the macigno of the Tnscans,^ and many coal 
measures, particularly those of the centre of France. % 

* The new red sandstone conglomerate of Devonshire, &c. (Trans). 

-f A rock composed of <^uartz, clay, and limestone, is named macigno, 
in Tuscany ; it is an argillaceous and calcariferous sandstone .which, 
from the nature of its composition being very constantly the same, de- 
serves a very particular distinction. This rock commonly contains other 
substances, and especially mica, which I do not consider as essential to 
its composition. It is very abundant in the Apennines, where it charac- 
terizes a particular formation. 

^ I do not here cite one of the most important coal measures of conti- 
nental Europe, that which traverses the north of France and the south 
of the Pays Bas, because these coal measures bear so great $Ln analogy 
to the primordial rocks in which they are included, that I have not yet 
entirely abandoned the idea I advanced in 1808, that these coal mea- 
sures should also be considered as true transition rocks. 

Addition by Translator. — It is much to be regretted that the author 
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These rocks are ao intimatelj cooneoted with the primor- 
dial rocks, that it 18 c^ten Terj diffiicuit to ^trfice the line 
of demarcation, and it is 'my remarkable that this union 
takes place eqaaUj with all the systems of primordial rocks. 
It reaalts from tHis circumstance, that, always partaking of 
the oatiire and even the colour of the primordial rocks, that 
they immediately follow, they present the greatest differences 
with each other. Thus for example, if they succeed red 
granite, they are also red, and contain much felspar; if 
they follow talcose rocks, they are greenish grey, and of 
a composition analogous to that of these rocks. It even 
appears that in some countries, and especially in some can-' 
tons of the Alps,, this formation is represented by calcareou9 
beds interposed between two formations also calcareous, the 
sepi^ration of which they mark, and from which, ihfij are 
only distinguished by slight dif&renees in texture and cor 
lour; hence there is considerable difficulty in distinguish- 
ing the secondary, and transition rocks of this country. 

Another characterof the rocks forming the. group that at 
present occupies us, is, that they contain ^ great quantity of 
conglomeEate (clastoide), and arenaceous rocks, i. e. com* 
posed dffragments or grains of greater or less size, and of a 
more or less different nature ;. yet this texture does not be- 
long exclusively to this formation, it is on the contrary, 
found in almost all formations; it may even be said that 
we rarely pass from one formation to another without ob- 
serving some beds which have this peculiar texture, but at 
no epoch have these rocks been so abundant or so general as 
this. Does not this shew that this epoch is one of the most 
remarkable presented in the study of the globe, and conse- 
iquently that the division above proposed is one of the most 
natural t 

has placed the coal measures partly in the primordial rocks and partly 
in his first secondary group, as he thus makes two things of that which 
is essentially but one ; the coal measures of the Pays Bas are precisely 
the same as the English, and the transition rocks (according to the au- 
thor) with which they are connected are our carboniferous limestones 
and old red sandstone. 
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The rocks classed in this secondary group do not^ by them- 
selves, form extensive coaHtries ; but they often appear in 
those countries where the primordial rocks predominate, 
principally in those of granite. ' At other times they shew 
themselves in the lower parts of masses covered by newer 
rocks : so that, with respect to the space occupied on th6 
map, I should have united it to other formations, if their 
geological importance and distinctive characters did not for- 
bid such an association* 

I unite many systems of rocks to form the second group, 
the most important are known by the name of Zechstein, or 
older Alpine limestone,* variegated sandstone,'!' muschel- 
kalk, quadersandstein, and jura limestone.); 

These rocks are often very distinct, but some possess com- 
mon relations, which justify the approximation that their 
geographical sitUfition in France has allowed me to make. 
They are so intimately united with those of the preceding 
group, that it is very difficult to establish the line of separa- 
tion. I even consider that if my work had been more es- 
pecially applied to Germany, instead of France, it would 
have been better to arrange the two first systems in the pre- 
ceding group ; for zechstein often occurs subordinate to the 
red sandstone, and the variegated sandstone constitutes 
regions which very much resemble those in which the red 
sandstone predominates. 

But on the other hand, the zechstein occurs in the Alps, the 
Ceventfes, and fhe Pyrenees, with characters that so much 
approximate it to muschelkalk and jura limestone, that it 
appeared to me preferable to group it provisionally with 
those rocks, the more so as the materials I possess on France, 
would not have afforded me the means of keeping up the 
distinction throughout the mass, I moreover consider that 
the zechstein is rare in the part of France to the north of the 
Alps and the Cevennes, that a trace of it only exists there, 

♦ Magnesian limestone. (Trans.) 

+ New red or saliferous sandstone. (Trans.) 

J Oolite formation. 
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add that it almost always passes into the coal measares or the 
marly rocks, which are probably the represeatatives of the 
variegated sandstone, a system wjiich is alsoTery slightly 
developed in these, comitries. It may be useful to. remark 
here that the rocks placed in this group offer, in France, one 
remarkable circumstance; vvhich is that the beds on the 
north of the Jut a and the Cevennes are nearly horizontal, 
whilst those that occur in the «[ttraj the Alps, the Cevennes^ 
and the Pyrenees, have constantly an inclination which may 
be expressed by the term arqiire (arched, saddle-shaped) ; 
this difference would appear to be independent of the epochs 
of formations : it may however possibly arise f roni the former 
constituting hills, and the latter elevated mountains. 

The chalk formation, such as I have determined it in a 
preceding memoir, i. e. Comprising the tuffas, sands, and 
marls, which occur beneath the true chalk, constitates the 
third group. 

It must bcf confessed that this formation, considered in a 
purely geological manner, is not of more importance tha|i 
many of those which I have noticed in the preceding groupj 
but I considered that it should be distinguished on the mag, 
on account of the extent it occupies in France and the Pays 
Bas, where it forms gulfs in the midst of more ancient rocks, 
and is distinguished frOm the neighbouring countries by 
peculiar physical properties. 

I unite in the fourth group all tfie rocks posterior to, the 
chalk, whose aqueous origin is not doubted. These rocks, 
which were but little known a few years since, occur almost 
etery where, and their history now forms one of the most 
important parts of geology. Their number and the differ- 
ences they present, would demand a subdivision, if their 
frequent superpositions would not render these details im- 
possible In a general map. 

These rocks are distinguished moreover in the differei>t 
4;ountries where they exist by remarkable differences, arising 
from certain systems being more developed in one place than 
another ; thus in the north of Germany and the Pays Bas, 
they form sandy plains, which mix with the sands of the 

u 
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dialk. The limestone beds predominate in the Paris basin. 
Lilstly, in the plains watered by the Sadne, tlie Rhone, th« 
Po, the Aaf , the Danube, &c., we are struck wiA the qaan* 
tify of rouiided fragments which are buried in the sandy and 
clayey deposites. 

The TOlcanic rocks harcf too different an origin, and their 
existence belongs to phenomena which are too remarkable, 
not to be noticed on a geological map, howevet small the 
space occupied by them may be ; but the establishment of 
this group would present many difficulties, if I knew not 
where to stop among those rocks which bear a greater or less 
resemblance to the products of existing volcanoes. Bat now 
that the researches of M« Beudant have thrown new light 
on this branch of geology, I considered that I might class 
the products of modem yolcanoes with the two systems 
known by the names of trachytic and basaltic rocks. 

It should be remarked that this group does not correspond, 
like those which precede, to a fixed epoch of formation ; for 
while yolcanic rocks are now forming, there ai^ trachytes 
and basalts of more ancient formations than some rocks 
classed in the preceding groups. 

The exposition of these divisions would certainly have 
made the imperfection of our geological, nomenclature felt, if 
its defects were not generally admitted ; yet we have not 
effectually endeavoured to correct it. It must in fact be 
confessed that it is a task that would require considerable 
knowledge in the person who should undertake it, I there- 
fore do not pretend to do so ; but. as it has fallen to my lot 
to establish some new divisions, I considered that they should 
receive new names. 

The following are the names that I propose to give the 
&ve groups into which I have divided the secondary rocks. 

I shall name the first penean rocks (terrains peneens), 
which is but the translation of todt-liegende, and which may 
besides be considered as expressing the circumstance that 
the most characteristic beds are poor in organic remains. 

The second group vrill be named ammonean rocks (terrains 
ammon6ens) because all the systems of which they are com« 
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pofed imv9 l^oe» i0rf[ie4 «t m^p^Pb in wUph tb» foty n$« 
nmrVi».M<f 4uiiBa)0 flipped fMVM^/M^U^a ew^4* . 

Tlifi swn^ fnft0^9pQtk (liMMStoMotiqad) wUi fvniiid Mtihat 
iMmilff tbes^ iP^id^ tb9 boiie^ of 4» ibviiiDlfoPOW qvadniptdf 
bliy4» biNd f^miAf tb9 »lndj of nrhich has ghren lisa to ik* 
great work that hasj it may be said, eroiled iffo)og^ anopg 

Tb# fifth grovp viU be dt scribed by the mMne ^psfnwM 
(fff^i^h which withoot cxpfBStiag any thing affihxuitiYd 
AS itp Aie naBA^r io which these roeka hawc been fbrmsd^ 
will shew that they all resemble those whose igiieo«$ origifl 

{# den909#tmt(9d- 

It la admitled that tfie best method of ytspiMentlDg tli* 
differeot .<<^inatio«is ob a g^^pgf^al map is by diH^veitt f»» 
fcWfi) ya^ it iqusI not be ceneealad that the 4Xiste«ee of manir 
jno^ks ia a small spa^e, and especiAlly their successATe papers 
pasitiemsy gife fiia to many diffipudties; jfor it will be pen* 
e^w^ t\>^ oiie ^ry iiaportant formatioiii ia a oooatny msy 
be almost c^wtantly (covered by anothef jook, withant 
firing its^f ia a maan^ that would be represented on a 
iiorizontal. piaae bat by a very ssiaU space, or e?ea none ai 
all. This difficulty may be avrnded ia special descriptiosM 
by s^tioiis^ which shew the ioteri^r natare of the conntry | 
but it vill be seen that this motbod cannot be. used in jl map 
nf tbe.sifie of that aocompaaying tUs aiemou*^ It is the»t 
fpve aeoespary to obaerve that the distinctions made on thii 
map are far from constantly shewing the enact limita; but 
we should consider them as only shewing which is the most 

* It should be observed that in a division less adapted to the physical 
geography of France, this small group might have been united to the 
preceding, and that in that case the denomination of ammonean rocks 
would have been better preserved, as ammonites still existed when the 
chalk was foimed. This denomination «nd that of penean rocks might 
still be preserved when the zechstein and variegated sandstone pass into 
the first group ; for these two systems are not commonly very rich in 
organic remains. 

U 2 
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abundant rock in particnlar conntries, without excluding the 
idea that this rook may be accompanied by other formations. 
Thus, for example, though the passage from the- primordial 
to the secondary rocks rArely takes place without presenting 
penean deposites, the latter have only been represented 
where 'they were known alone to cover a surfaces so exten- 
sive as not to overcharge the* map with detuls which would 
injure ihe general effect. 

Neither has any attention been pud to the patches of 
mastozootic deposites which cover almost all other forma- 
tions, nor those superficial deposites of loose matters* which 
generally -cover all those rocks on which vegetation has esta- 
blished itself. 

The greater part of the observations which have served 
for the formation of that part of, the map containing the 
South of France, going back to an epoch in which there was 
Mot a very clear idea formed of the divisions now established 
among limestone rocks, this part of -the work greatly re- 
quires revision. • That which regards the Alps, the Pyrenees', 
and the Cevennes, may also be considerefd as a sketch of the 
manner in which I regard the geological nature of these 
mountains, rather than an exact representation of the places 
on which the different rocks appear ; for independently of 
our' being in want of observationft^n this slUbject, it is known 
that mountainous countries rarely afford depiarcations. It 
should in the last place be added that the north ofGrermany 
has be&a. traced on the map from the observations published 
by Gefrman authors, and solely with the view of shewing the 
connection of the different masses of rocks. ^ ■ > 



On the Geology of the environs of St. Leger sur 
Dheune* (Department of the Saone and 
Loire.) By M. LErALLOJs. 



(Annates des Mines, 1689.) 



THE village of St. Leger, situated on the little river 
Dheune, is oa every side surrounded by hills, which are in 
general well cultivated and without cliffs or ravines ; so that 
the gypsum quarries are almost the only places in which we 
can study the geological structure of the country. 

The hill rising above the village on the East, is that 
which contuns the gypsums. It is elongated from South to 
North^ and is cut off on the South, at less than two myria- 
metres [ab«ut 15 miles] from St Leger, by a small valley, 
on the other side of which the coal measures appear, which 
afterwards predominate in the commune of St. Berun ; it is 
terminated on the west by the Dheune, and apparently ex« 
tends some distance to the North. 

The gypsum formation principally occurs half way up. It 
Is very well exposed in three of the quarries worked in open 
day. The following beds may be observed : 

* This notice forms part of an account pf the gypsum quarries of ihf 
same place. (Trans.) 
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Beneath about 3 metres [about Q feet 7 m.] of vegetable 

loU: 

1 metre [about 8 feet 3 inches] of a compact and hard 

stone^ though decomposmg in the air. This stone 

is white with a slight greenish tint : it effervesce^ 

but yeiy slowl j with nitric acid, lei^ving a siliceous 

residuum. It is a marlj siliciferous limestone: 

the bed is divided into thin strata. 
1 ditto slaty maris, red in the upper part, green in the 

lower* 
1 ditto of a marly siliceous limestone, analogous to that 

0I which we have jitrt spokeii ; it is only more 

compact, with a more cdDck^dal f racturv* It has 

sometimes a reddish tint: some pieces are in« 

crusted with calcareous spar. 
0,15 ditto of red and green marls. 
1,50 ditto of compact reddish gypsum, slightly mixed 

with marl. ' ' -' 

0,50 ditto of gypsum in small pieces as if squaried, dis- 

posed iu the plan^ of the beds and separated by 

marls. 
1 ,50 ditto of gypsum slightly thtixed with mails. 
1,80 ditto of poor ^pl9uni in nodules mixed with marf. 
0,50 dittd Of red maHs mixed with a little gypsum, and 

pfificipi^ly cohtaining fibrous gypsUto in veins 

parallel to the beds. 
S ditto nearly ftmniog the white gypsum bed named 

the gaUriOd 
%S3 ditto fonni^ the bed of gypsum named the fmd* 
They no linger work beneath this bed, but matis mixed 
wbk gypsum are still founds Still luHher dowu sand h met 
with. 

In these three quarries, the beds are nearly in parallel 
stratifications They succeed each other precisely in the 
same order and with the same thickness. They are in gene* 
ral slightly inclined, and appear undulated : at least we are 
led to believe so as they are slightly arched in the three 
quarries. The dip is most generally towards the west. 
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The gypsum ia generally compact, of small fine crystalline 
grains, of a white or rose colour. Lamellar and perfectly 
diaphanous gypsum is also found. Fibrous gypsum fre« 
quently marks the separation of the different i^trata. 

The mass of rock is often pierced by a kind of funnel 
filled with earth| which sometimes vertically traverses the 
whole height. These funnels are very inconvenient, as they 
allow the rain water to filtrate through them. 

. Slips are also remarked, in consequence of which the beds 
have descended more than a metre. It will be observed 
that these slides have taken place on inclined planes of soft 
clay, which fill the clefts. 

J have said that the gypsum formation principally occupies 
the middle of the slope of the hilL Ascending a little to- 
wards the summit, we soon observe a secondary limestone, 
which covers, the gypsum formation. It is on the side of the 

I 

great road, and not far from the village of Charcey. The 
limestone is blueish grey and compact ; it contains a great 
abundance of gryphites ; belemnites, ammonites, and pectens 
are also observed. It forms nearly, horizontal beds, of 
slight thickness, separated by strata of earth which facilitate 
the extraction of the stone. This limestone is principally 
employed for making lime, and building. The beds, which 
^re of a deep blueish grey colour, and contain few shells, 
$ire used as marble by the masons of Dijon.''^ 

Tbl^ foot of the hill, principally on the South and West 
udes, is conyposed of sandstone. These sandstones are yel- 
lowish, micaceous, fine grained, slightly schistose, friable, 
often reduced to the state of sand, and form beds of little 
thickness and inclination. Advancing towards the South, 
beyond the small valley which, on this side, limits the gyp- 
sum formation, these sandstones present slightly different 
characters, and contain beds of coal. They are then gene- 
rally larger grained : lamellar portions of felspar are seen in 

* It appears from the author's description that the gypsum and red 
marls of St. Leger form part of the new red or saliferous sandstcme, that 
they are covered by lias, and rest, as will be afterwards seen, upon coal 
measures. j(Trfl^n8.) 
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them: they alternate with scbIsM more or less penetrated 
by carbonaceous matter. Among the rocks ' composing this 
formation, there is one, among others, which is very remark* 
able : it serves as a roof to a thin coal bed which occurs 
near the surface. It is a white and very compact rock, con- 
taining here and there only a few spots of mica. It might 
be considered as one of the, extreme limits in the series of 
arenaceous rocks. 

■ • • * 

This coal formation extends from bence into the commune 
of St. Berain. Many pits are there opened. The coal 
obtained is not of good quality ; but from the proximity of 
the Canal du Centre, all the large coal is of advantage to 
Chalons and Lyon. 

The gypsum formation, in the environs of St. Leger, rests 
upon coal measures, and is covered by gryphite limestone.* 

The same relative position of these same mineral masses is 
observed near Conches, 1 myriametre [about 7\ miles] to the 
W.N.W. of St. Leger. In fsct, after having continually 
travelled on these sandstones nearly to this town, where we 
deviate a little to the left towards Chalancey, we soon meet 
with the red and green marls resting on the sandstones, and 
above them the gryphite limestone, in which the iron ore 
occurs as a bed ; it is composed -of hydrate of iron in very 
small agglutinated grains, or a kind of ferruginous oolite.^ 
The marls do not appear there to be accompanied by gyp- 
sum ; at least the presenci^ of this mineral has not as^ yet 
^beenascertalned. V - 

'' \\, should be remarked, that, from the observations of 
Messrs. Lam6 and Thirria, the gypsum formation existing 
at Decize, <lepartment of the Nievre, rests on the' coal mea- 
tures,and is covered by a gryphite limestone very analogous 
with that of St. Leger. 

* Lias. (Trans.) 

f Ihi? is pro^bly the inferior oolite above the Has. (Trans. \ 
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Description of the Muschdkalk and Quader^ 
sandstein. By A. roar Humboldt* 

(Extracted from his Eisai attr les Giaement des Rodiesy &o.) 



MuschelkaUf. 

A fORVATiON which varies but slightly, imd whose vague 
jdenomination of shelly Umestone has caused it to be coq« 
founded out of Germany, with the lower or upper strata of 
the oolite formation (with the lias or forest marble). It ia 
well characterized by it9 more simple structure, by the pro- 
digious quantity of shelly, that are partly bro):en, which it 
contains, apd by its position above the Nebra sandstone 
(new red sandstone), and beneath the quadersaodsteia which 
separates it from the oolite formation. It covers a vast por« 
tion of northern Grermany (Hanover, ^einberg near Gottin- 
gen, Eichfeld, Ck>bourg, Westphalia, Pyrmont, and Biel- 
feld), where it is much thicker than the zechstein or Alpine 
limestone (magnesian limestone). 

It extends in southern Germany throughout the platform 
between Hanau and Stutgard. In France, where, notwith« 
standing the labours of Omalius d'Halloy, the secondary 
formations beneath the chal)L have been so long neglected. 
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Messrs. de Beaumont and Bone hare recognised it round the 
Yosges chain* The muschelkalk generally possesses pale^ 
whitish, grey or yellow tints : its fracture iff compact and 
dull, but the mixture of small laminae of calcareous spar, 
arising perhaps from fossil remains, sometimes renders it 
granular and brilliant. Many beds are nearly, arenaceous, 
or passiog into the oolite ftraetort* (Seeberg near Gotha ; 
Weper near Gottingen ; Prenssisch-Mioden ; Hildesheim. 
Chert (homstein) passings inta^AiBt and jasper (Dransfeld, 
Kandem, Saarbriick), are either disseminated in nodules 
in the muschelkalk, or form beds of small continuity. The 
in^e^r Strata of tbis fMrriiatioil Idtemate with the new red 
sandstone (between Bennstedi and Kelme), or insensibly 
pass into the sandstone, by becoming charged with sand, 
clay,; and eyen (to the £. of Cobourg) with magnesia (mag- 
nesian beds of the muschelkalk). 

Subordinate beds* The Marls and clays so frequent in 
ihe oolite formation, the new red sandstone, and the zech.- 
stein (magnesian limestoue) are rare in the muschelkalk. In 
Germany, this rock contains hydrate of iron, a little fibrous 
gypsum (Sulzbourg near Naumbourg), and coal (letten'- 
kohle of Voigt ; at Mattstedt and Eckardsberg near Wei- 
mar) miled with alamtnous schist and carbonised fruits 
{coniferae ?). The nearer coal is found to the tertiary for- 
mationd, the more do at least some of its strata approach the 
state of lignite and aluminous earth* 

FossilSk tVom the researched of M. tou Schlotheim, and 
rejecting the beds which do not belong to the muschelkalk, 
the fossils aret Ghamites striatus, Belemnites paxillosus. 
Ammonites amaiteus. A* nodosus, A. anguktns, A. papyra- 
<eu8) Nautilites binodatus, Buceinites gregarius, Trochilites 
IttTis, Turbinites cerithius, Myacites Tentricosus, Pectinttes 
retieuiattis, Ostracites spondyloides, Terebratulites fragilts, 
T. Yulgaris, Gryphites cymbium, G. suilius, Mytnlites socia- 
its^^ehtacrinites vulgaris, Encrinites liliiformis, &c. Some 
isolated beds of the oolite formation perhaps contain more 
fusils than the muschelkalk; but in.no secondary forma-^ 
tion do organic remains so uniformly abound as in that 



Irliicb mam oooipies fas* An ftaimeBBe quairthy 4>f shells^ 
fiMf brolL^Oy and partly -wdl pr€ser?ed, bot ctrongly ad-* 
b^og to the stone (entroohli tarbiiiiteS) sirombites, mjtal<A 
ites) is accnmiilated m manj strata ffOm dO to 25 milli* 
metres (liboat 1 in.) thick, which occur in the mnschelkalk. 
Many species occur united in families (belemnites, terebra- 
tulites, oimmites). Betwe^ these te)r^ ^leUy sihita are 
disseminated ammonites, turbinites, some terebratulites, with 
their nacreous shells, the OryphasH cymbioui^' and superb 
pentacrinttesi Oorals, eehiniteii, and pecttnites are rare* 
From the abilndante of entrochi In the muschelkalk, thid 
fnrmation has received the naihe of entrochite limestone 
(trochitenkalk) in some *j[iartd of Geroiany. As il bed dC 
entroohi often also characteriies the sechstein, and Separate! 
it from the boal measures^ this name inay I6ad us to dDuiovBdr 
two feiry disUhci formations* Thedebomuiatibn ofgryphitj^ 
Hmedtone (calairo iL gryphites of the stechstem imd of thv 
oolitb fsfmation) and all these which allude to fossils, trith^ 
o«t libdicatiag th^ species, e^tpose us to the stoie dangeiv 
It is stated that the musdielkalk contains the bones of large 
anidfiitli (otipamus ? quadrupeds, Friesleb^n, T. 1^ p. 74^ 
Ti ir, p. M^ 305) and birds (omitholithes of the Heiihberjc ; 
Bhkmeitbach, Naiurgesck; T^ Anfl. p. 663); but these 
bones may belong, as also the teeth of iish, to the breccia^^ 
wad inarls resting 6n the muschelkalk. 
, Messrs; Bockland and Conybeare, during their tour in Ger-' 
■Kuiy, considered the muschelkalk of Werner as identical 
l^tth the lias« I aift indlined to think that there is rather a 
parailelisa than an Identity of formation. The nluschel**> 
kalk oecuples the same place as the tiasj it equally abounda 
m amosdnites, tereblratulaB, and encrinites; but the fossil 
S|)ec&es cHffer^ and its structure is much more rimple and uni^ 
Ii0ffm» Tlio muachelkalk strata are not s^pairated by the 
blue clays Whiohabotthd in the lias. The middle strata of 
t^ latter possess a dull compact and even fWwture, much 
raoto r^MBbling the lithographic yarieties of the oolite 
fonnatioB than the muschelkalk of Gottingen, Jena, and 
ElchsfeUL M. Boa6 has recongnised the muschelkalk iu 
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France^ in the platfonn of Borgaody^ near Viteaux and 
Consiy-KeB-ForgeB, near Das, in the commnne of St. Fan de 
Loo^ ftc. I liave not observed this formation in the eqni-^ 
nosial part of America. 



Quadersandttein (Sandstone of Kdnigstem). 

>A very distinct formation (Banks of the Elbe, above 
Dresden^ between Pima, Schandan, and Ronigstein ; be- 
tween Nuremberg and Weissenborg ; Staffektein in Fran- 
conia ; Henschenne, Adersbach ; Tenfelsmaner at the foo^ 
of the Hartz^; vallej of the Moselle and near Lnxembonrg ; 
Vic in Lorraine ; Nalzen in the Pays de Foy, and Navar- 
reins, at the foot of the Pyrenees) characterized by.M*. 
Hansmann, and for a long time confoonded either with the 
q^farfzose varieties of the new red sandstone, the sandstone 
of .the plastic clay, or with the sandstone of Fontainebleau^ 
above the calcaire grossier of Paris : it is the white sandstone 
of M. de Bonnard, and the third formation .sandstone of 
M. d'Aubnisson. Preferring geographical names, I often 
call thia formation the Konigstein sandstone, the new red 
sandstone the Nebra sandstone, and the muschelkalk the 
Gottingen limestone. 

, The quadersandstein.has a white, } ellowish, or grey colour, 
with very Une grains, which are agglutinated together by a 
neariy invisible argillaceous or quartzose cement. Mica is 
not. abundant in it, and is always silvery and disseminated 
in isolated plates^ It neither contains the included oolite 
beds, nor the flattened lenticular masses of clay (thongallen) 
which characterise the new red sandstone.. It is never 
schistose ; but is divided into very thick beds, which are cut 
at a right angle by fissures, and of which some easily decoro* 
pose into a very fine sand. It contains hydrate of iron (Metz) 
disposed in nodules. The organic remains disseminated in 
this fonnation present, according to Messrs^t von Schlotheim, 
Haussmann, and Raumer, an extraordinary mixture of sea 
shells (very anaU>gous to those of the muschelkalk) and 
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dicotyledonous phytolithes. In it have been foand mytu- 
lites, tellinites, pectinites, tarritellie, and ostreae, (with 
cerithia, but no ammonites ; Habelschwerd, Alt-Lomnitz in 
Silesia), and at the same time the wood of -palms, the im- 
pressions of leaves belonging to the class of the dicotyledons, 
and small deposites of coal (Deister, and Wefersleben near 
Quedlinbourg), very well described by Messrs. Rettberg 
and Schnlze, and passing into li^it^. 

M. Yon Ranmer had observed that the qdadersandstein is 
separated from the new red sandstone by the musohelkalk ; 
it is placed between this limestone and the Jara limestone, 
and consequently beneath the oolite formations of England 
and the continent. In this position we cannot consider it, 
with M. Keferstein (see his Essay on the mineral geography 
of Germany, T. 1. p. 1% and 48.)) ^ parallel to the molasse 
of Argovy (mergelsandstein), which represents the plastic 
clay beneath the chalk. The nature of the vegetable remains 
contained in the quadersandstein, and its rbsemblance to thb 
'plSaerkalk which belongs to the chloritous and sandy strain* 
of the chalk, have caused it to be regarded by many cele- 
brated geologists as a formation, posterior to the oolite for- 
mation: thns Messrs. Buckland,Conybeare,sind' Phillips 
place it between the chalk and the upper beds of the oblttes. 
But, according to the ' observadons of M. Bou6 and many, 
other celebrated German* geologists, the quadersandstein^ 
sometimes alternating with inarly and conglomerate bedff, 
rests iiiimediately on gneiss neairFreybi^rg', on the'coal'itieiu 
sureiB in Silesia, and in Bohemia ; on the new red sandstone 
near Nurembeiig in Franconia'; oh the muschelalk^ between 
Bildeshejm and Dickholzen near Helinstadt, a^d near 
Schweinf^rt on the Mein. It is Covered by^ the bolite'fbr- 
mation, and alternates with marly beds of this limestone in 
Westphalia, between Oshabrtick, Bielfeld, and'Bdckebourg. 
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On MmcheUcalk md Quadersand$tem, 
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By A. BouM\ 

(Extriuited from M. Bonn's Memoir on Germuiy, iMerttdin 4fae Joiumal 

de Ffayaiqiie for May, ia».) . 



Second Seeandar^ Ltmetione w Mmchelktdk. 

THE fleeond secoodaiy Umestooe Ar mufKbdUkaik 0f the 
GeinuNM 18 the least Tariahle of aU the GennaA Uaestmije 
deposites, and nearij always occurs In tlie same mmoei} 
inm. this, great nnifprmitj ef character, aad the extent of 
this formatioD it would appear snrprismg that 90 few fkiceign 
gec^iogists should have a clear Idea of it, or that thej should 
not have recognised it in their own countries. Bat tbe 
expliuiation of this fa^t is simple as it respects England, the 
deposite not existing there, they have vainly endeavoured to 
recognise it. In France and Switzerlood, this limestone 
being of little extent compared with the oolite fMrmation, it 
has until now been considered, that the French mnschelkalk 
formed only a part of the latter, whilst in the north of 
Germai^yy where the mnschelkalk occupies, comparadToly 
with the respective extent of both countries, nearly as much 
space as the oolite formation in France, it has been co»- 
jddered.tfaat the very circumscribed oolite deposiiisf of nor- 
thern Germany were only accidents in the great formation 
of muschelkalk. 

The superposition of formations above each other being 
the fundamental base of sound geology, I shall commence 
by mentioning some localities where the muschelkalk rests 
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on the new red aandftooe. These citelloot might be wtj 
nnmeroos, from the greater [Mprt of the laige rivers of the 
N. and N.W. of Germaay haying hollowed their bedv 
in the new red sandstone across the mutchelkalk. It eene* 
times happens that this hollowing o«t takes place in a con*- 
vexity of the inferior sandstone, as near Gottingen aad 
Goburg. The surface of the new red sandstone is often 
nneven, and we thep frequently see the mnschelkalk mouldt 
its beds into inequalities, as near Detniold in Westphalia^ 
near Stedfeld, near Eisenach, at Faehdorf, along the Wenra^ 
between Hoheneicbe and Fatterode in Hesse ; whilst else* 
where the horizontal limestone beds rest on a nearly evsn 
surface, as near lierrenhausen, near Pyrmont, between 
Meraungen and Hilburghausen, and between Elislenbea and 
Nordhausen; in France the band of mvschelkalk which 
surrounds all the Vosges, with the exception of tlie npithem 
part, reposes on the more or less irivgular eurfacea of tfaa 
new red sandstone or variegated marls and gypsum, as neap 
Bbhmosheim, near Treves, &c. 

The muschellsalk constltutos, in the north and vrest aC 
Germany, a formation many hundred feet thick, whilst the 
eechsteln or first secondary limestone never attatna there 
more than a few fJAthoma in thickness. 

This limestone is in rather thin beds, and very rarely 
affords sufficiently large blocks to be made use of as marble* 
Its horizontal or curved beds generally appear to contributo 
consaderably to the form of the monntains composed of It ; 
thus we sometimes see the rounded summits of this deposito 
or its platforms arise, the former from the convexities of the 
contorted beds (Stedtfeld, Detmold), and the latter from 
their horiaontal poeition* These mountains sometimes pre« 
sent a steep slope, affording occasionally considerable escarp* 
BiQlits by the side of the rivers, as near Fachdorf, in Memiin* 
gen; thea^ rocky escarpments are essjaptially distinguished 
from thoie of the oolitic heights, and ^n exact observer 
eooid act conlannd them with the cleft and indented prei 
t»pieea of the latter, it sometimea contains caverns^ as in 
the MemuBgeiiy near Kloster-jPesser. Thia litaestone is 
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Gominoaly oonipact and grey, imd nt a peculiiir crystalline 
aspect, which is scarcely again found bat in some beds of 
the oolite formation ; it is occasionally rendered snblamellar 
by means of spathose organic remains* 

The shells of this limestone are either petrified or in casts : 
their petrifaction is commonly calcareous and rarely siliceous, 
which is sometimes the case, as for example near Saarbrack. 
The shelly beds occur rery generally, yet we may mention 
those of Mont Heimberg, near Gottingen, that of the en?i* 
rons of Walterhausen and Pyrmont; they contain Innu- 
Bierable remains of encrinites (En* rnlgaris and liliformis), 
and a genus of zoophyte approaching the Isis. 

The mnltilocnlar shells of this limestone are principally of 
the genera ammonites (am. uodosus, capricomus, dorsuosus, 
amalteus, &c. ScMoiheun) and nautilus (N. bidarsatns, 
Sehloi.) Among the bivalves we especially remark the 
mytili (M* eduliformis, socialis, incertus, costatns), chamas 
and pectens. The terebratulae (P. fragiiis and communis) 
form true beds in it* The other bivalves of the linueau 
genera Mya, Tellina, Donax, Venus, Arca^ are much more 
rare. 

Among the univalves, those of the genera buccinum, 
turbo, and trochus are the most common ; yet these shells 
occur rather isolated ; and we only here and there observe 
beds or masses of shells approaching the genus cerithium, as 
at the Budenberg, near Neustadt, in Hanover, Sec. 

Many other genera of univalves are also met with, though 
rarely, in this deposite ; but it should be reroiarked that the 
greater part have only been found near Weymar, PhangeU 
-stad, Tonna, Jena, &c* i. e. in the midst of the great valley 
iitnated between the Hartz, the Thuringerwald, and the 
Erzgebirge. 

It is tliere that M. Schotheim cites the dentalia (D. 
loevis and torquatus), the helices of Linnasus (orientinus,) 
the neritae (N. spirita and pagana), the patellas (discoidea 
and mitrata) ; there also are found his lepas avirostris, his 
solen mytloides, his teliina anseps and minuta, his cranioli- 
tes schroteri, and. his .curious bitubulites irregularis. 
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:The mountain of Hecnibei^, near Gottingen, and the 
environs of Hildesheim present many analogous rarities. 

Remains of fishes have occasionally been observed in this 
limestone, especially the scales, and the remains of marine 
animals perhaps of genera approaching the manati ; they are 
generally the remains of maxillary bones, the long bones of 
ribs, and vertebrae. I have observed organic remains bearing 
some resemblance in form to confervas. 

Fossils have also been remarked which rather belong to 
more recent strata, such as the asteria ophiurus. (Tentleben), 
which reappears in the quadersandstein, and the belemnites 
poxillosus, Schl. (Gottingeb and Werkershausen) and the 
echinites pustulosus. (Eckorsleben). But it should be re- 
marked that these fossils are found very rarely and in the 
very uppermost strata of the deposite, and that they should 
not be mentioned in a list of the characteristic fossils of the 
muschelkalk of Germany and France. 

The encrinites, the terebratulae, the ammonites, the rei. 
mains of the Isis ? some bivalves and univalves do not the 
less remain the characteristic and important fossils. 

After this sketch of the general characters and fossils of 
the muschelkalk, we shall mention its principal varieties or 
subordinate beds. 

The limestone sometimes passes into marl, especially in 
its upper strata and also decomposes into marl : it is occa- 
sionally very compact and nearly without shells, it is ot|ier« 
wise very shelly, so that it sometimes has the appearance of 
an aggregate of organic remains, and slightly resembles some 
beds of the oolite formation and zechstein ;' this occurs, for 
example, near Frankenhausen. A peculiar oolitic structure 
is met with in the lower strata of some localities, as at 
Bepsdorf, Schorbe, near Ecinberg, amr^nerally on the con« 
fines of HanoVer and the small principalities of Wes(phalia, 
Bockeberg, &c. 

Small granular masses are rarely found ; beds are more 
frequently observed which are more or less cellular with 
angular cavities, nearly resembling those of son^e magnesiau 
limestones of England ; these limestones are yellowish, per- 
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iiaps magiiesiab, and truvened by small tolcareoas veins 
(Pjnuont, Werkenhauen, the Vosges). 

Some beds of this limestoDe are blackish^ brownish, co- 
loared by hydrate of iron^ and brownish red. 

These varieties do not appear to be distributed in th^ 
deposite without a certain order ; we always find the oolitic 
varieties in the lower parts, and especially in the localities 
where the marls of the new red sandstone do not alternate 
^ith a kind of oolite ; above these limestones come the com- 
pact limestones with scattered fossils, and the beds of lime^ 
titone filled with the remains of the Isis ? then the limestones 
in which the terebratalae especially abound, and which are 
sometimes slightly black, a variety which occurs ivith fe%v 
shells among the lowest strata (the Buckebjerg). 

The yellowish cellular beds are among the upper parts 
and in the enyirons of Pyrmont, are covered by compact 
limestones, the upper strata of which contain small crystals 
of prismatic quarts^ ]We also here and there observe small 
imasses of sulphuret of lead, apparently rolled ? in this lime^ 
stone, sometimes accompanied by druses of crystallized 
quartz. (Heinberg, Pyrmont). 

Small calcareous veins are often seen in the muschelkalk 
as also slight siliceous infiltrations, yet the* latter are rare in 
Germany, and it is only among the lower strata of this 
limestone that we occasionally observe yellowish or greyish 
chert (silex com6), as at Hohenhagen, near Gottingen, at 
the Langenberg, near Coburg, and near Gotha. This cir- 
cumstance also occurs on the western ridge of the Yosges 
chain, where this siliceous matter, more or less mixed with 
limestone, forms continuous beds, as near Bishm'osfaeim. 

The description we have just given applies to the band of 
muschelkalk which *§urrounds the Yosges, to the narrov^ 
chain of muschelkalk which extends from Warburg by Biel- 
feld into the Osnabruck, to the platform of muschelkalk to 
the north and west of the Hartz, to that of Hesse and of the 
great basin of Saxony and Thuringia, and to the great plat« 
form which extends from Hanau to near Stutgard, and which 
M. Keferstein has without any reason classed with the 
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zechstefn. On the eastern side of the great basin, of which 

the latter mass covers the western and northern edge, ano- 
ther limestone occurs which is equivalent to the mnscheU 
kalk, or in other words, the muschelkalk, on the western 
side of the Thuringerwald, here and there essentially chan- 
ges its character, nearly in the same manner as the first 
Secondary limestone (magnesian limestone) does on the sides 
of the same basin. 

It is important to observe this' singular change, since it 
may afford us the key by which to recognise this deposite in 
other countries^ it more particularly takes place in the 
Coburg country. The muschelkalk forms a large platform 
on the north of this town, extending towards Meinungen 
and Neustadt; the IVIonts Langenberg, near Coburg, are 
Still composed of the true muschelkalk^ with siliceous no^ 
dules in its lower parts; but on the S.W. we observe only 
deposites of a very magnesian compact limestone of a whitishf 
6r whitish grey colour by the side of the oolite formation. 
It contains small veins of magnesian carbonate of lime, and 
very irregular nodules and strings of jasper, and a species of 
chert or even coarse chalcedony, of a red, grey, and white 
colour. The commoi^ fossils have altogether disappeared. 

This limestone, which is connected, as we have said, with 
the new red sandstone by an arenaceous limestone, forms 
the top of Mont Eckersberg, of the Bucheberg, and of the 
iuonts on the east of the chateau of Coburg. It is seen near 
Bohrbach, Rogen^ Lutzelbnch, and at Neuhofer-Muhle, 
fhnn whence it extends towards Banz, occasionally covering 
tfie new red sandstone. On the east of Coburg, it forms a 
itaall platform from Oslau to the Mahnberg, it reappears 
near Ecinberg ; more to the S.E. a very narrow crest of this 
Mmestone runs along small platforms of the true muschelkalk, 
and in the end, we see this dyke, some feet thick, abut 
against the latter limestone, near Ripfeudorf, wlulst the 
tme muschelkalk, after having formed four small platforms 
between Coburg and Gestungshausen (the first on the E. of 
Rohsbach, the second on the E. of Kipfendorf, the third to 
the E. of Fechheim, and the fourth to the N. of Gestungs- 

x2 
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hkoseii), also dfai^peatn and onlj shears Uself again onrth^ 
north in the enfirons of Baire^th* 

' In a word, we not onlj incontestably see ihere^ the mtt^ 
chelkalk prolonged along the oolite chain of U^s part of 
Germany) bat also the mnschelkalk placed on the borders 
of a basin which has apparently bad so much infllnence on 
the nature of this limestone, that as soon as we descend into 
it, we only see a magnesian limestone without fossils. The 
beds of new red sandstone, near Kipfendorf, at the foot of 
the Mahnberg, dip out of the basin to the S.E., and in the 
basin they become nearly vertical with a dip to the N.N.E. 
On the first parts of these beds rests a platfonn of trae mns- 
chelkalk, whose breadth b narrowed tonrfewiathoms,^ from 
the 2 or 300 toises it had more north at lifonchenroth ; close 
to this, at only a few feet distance, a deposHe of the mag- 
nesian limestone is found connected with the new red sand- 
stone4 

From the characters and anomalies of the depositee it is 
possible that this limestone may be found in many localities 
where it has not yet been mentioned* It appears certain, . 
that along the Bahmerwaldgebirge, it terminates at the 
platform of the environs of Bairenth, and that, on the other 
side of the basin, it is prolonged with intermptioos along 
the oolite chain into Switzerland, where it stiH occapies 
some space near Basle, and tliere constitutes the rauchgrauer 
kalkstein of M. Merian.* It is afterwards united near 
Befort to the narrow band which it forms at the eastern foot 
of the Vosges, from thence to Alzey, whilst along the west-^ 
em side, from the combined observations of M. de Beau- 
mont, M. Schpiitz, and myself, this limestone extends from 
Lure to Vauvillers, Bourbon-les-Bains, Dgnevilie, Sarre- 
bourg, and forms a great platform above the dew red sand«: 
stone between Rosbp^h, Waldfishbach, and Forbach. It 
even rises higher north by Longeville and Treves, and al- 
ways occurs between the new red sandstone- and the oolite 
formation. 

♦ Sec Beytrage rur Oeognosie, i&9h 
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la tike other parts^of France, I haTe only suspicions of .it^ 
existence in tlie environs of Yitteaux, RouTray, and Cnssy- 
les-Foiiges, &c. Perhaps it also exists to the south of Nev^rs | 
the limestone near Au1>ena8, in the Yivaraisy presents some 
of the cliaracters, which distinguish it from the lias, which 
occurs more to the west of that town* It appears to be to-? 
tally wanting in the west of France, as in England ; but it 
occasionally appears united with the new red sandstone at 
the foot of the Pyrenees; thus in the department of the 
Landes, at the foot of Porci d'Arzet, in the conqmune of 
St. PandeloD, the upper part of the oew red sandstone marls, 
with gypsum and saline springs, contains two beds of mus? 
chelkalk partly of a pecoliar oolitic structure, and it is also 
seen abo^e the same marls, on the foot of the monotains of 
the Conserans. 

On the other hand, it is possible that this limestone even 
occurs in the Alps, particularly in those of Salzburg, for 
^some limestones are known there, which are whitish or grey, 
granular- or compact, with terebratulae and pectens, and 
which fcom their position may one day be recognised as 
muschelkalk. On the southern side of the Alps, the Abb6 
Idaraschini suspects its existence beneath the oolite formation 
of the Veronais; and in Hungary, some magnesian lime- 
. stones, like .those of the environs of Bude, may, from their 
position and nature, be sooner or later referred to it. 



Third Secondary Sandstone of Quadersandstem. 

The second secondary limestone is in Germany covered 
by an arenaceous deposite, named quadersandstein by the 
Germans* This deposite is as little known to foreign Geolor 
gists as that of the muschelkalk, they have not yet learned 
to assign it it? proper place among the secondary formations, 
,and they have either not recognised it in their own coun- 
tries, or have compared it to deposites altogether different, 
as for example, the sandstone of Fontaineblean. 
, The obscurity that still envelopes this formation deppnd; 
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ron lis gf^atnu^tj IB other ci^u^tries,- and ihi 
. us that in geologj, in, order to recognise a formation in any 
1 countiy, the deposite should hay^ ]been studied in the coun- 
. try where it is most oompleitely deYekped^ this prmciple is 
f especially ^plicable to the recent secondary fosmations, 
, which are more than others the deposites of. great basins or 
ainnosities more or less separated from ^aeh other. 

Thus if it is not' surprising that a French geologist, who 
. has not studied the quadersandstein in Germany, should not 
' recognise it in France where it is scarce ; on the other hand, 
, we should not be surprii^d that a German, who has not 
„ visited the wc^ll characterized tertiary rocks io the north of 
, France, should find himself embarrassed how, to class certain 
', scattered deposites in his own cotuitiy. In Europe, for the 
same reasons, the muschelkalk and zechstein formations 
; should be studied in Germany, whilst the oolite formation 
• and chalk should be seei^ in Switzerland, France, and Eng- 
land, and DOt in the north of Germany ; the trachytic depo- 
sites in Hungary and not on the banks of the Rhine ; the 
extinct volcanoes and patches of ancient basaltic coulees in 
AuTcrgne and in the Vivarais and not at the Eiffel, Eger, or 
. in the M ittelgebirge ; the basaltic Huttonian cones in Hesse 
. and Thuringia and not in Bohemia ; the trap rocks of the 
. red sandstone in Scotland and the Palatinate, and not at 
Noyant or Figeac in France, &c* 

The quadersandstein or third arenaceous secondary forma, 
tion rests on the true muschelkalk, between Hildesheim and 
Dickholzen, near Helmstadt, at the chapel of Liodach, be- 
tween Wipfeld and Lindach, not far from Schevenfurt on 
the Mein, at Stegerwald, near Hassfurt, and muschelkalk 
has been attained in a well in the quadersandstein of the 
garden of Nesselhof, near Gotha. We sometimes see, in the 
enTirotis of Coburg^ a magnesian variety of muschelkalk 
dip beneath the quadersandstein, as near Oferfoiruach* 
In Westphalia, we see the beds of the muschelkalk band, 
extending from Steinheim, by Bielfeld, to Hilter, dip to the 
N. and the oolite maris alternating with the quadersand^ 
^ip rest on it, possessing the same dip. Near Pynnont, 
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we eyes vee th^^ marly and arepaceous alternations unite4 
to tbemnschelkalk by altc^matiag with two or three beds of 
a grey compact Umestone, identical with some muschelkalksi 
but without any organic reinains. A similar altmnation is 
seen at the foot of the Bierberg, near Lode, to the sonth of 
Pyrmont; the limestone is there accompanied by small 
portions of marl highly impregnatecl with yellow hydrate of 
iron* It naturally happens that the quadersandgtein 0cca* 
sionally rests on the new red sandstone ; this occurs for exv 
aniple^ near Opferbaum, between Scheveinfort and Wurtz* 
burg, where it appears to rest immediately on the gypsum 
of the new red sandstone marls. The same thing happens 
on the north of the Hartz, and particularly along the western 
side of the oolite chain of northern Bayaria, where we pass 
immediately from the new red sandstone to the quadersandi- 
stein, a0 for example, on the south of Nurnberg. ■ Yet it is 
tnuch more easy to distinguish them than it is to separate 
the red sandstone from the new red sandstone deprived of 
marls. 

In Bohemia, where the quadersandstein often covers the 
coal measures or red sandstone, for example near Brandies,' 
&c. in the Erzgebirge (Gruntenburg, Nieder, Schona) and 
on the banks of the Elbe, on the limits of Austria and 
Saxony, where it rests on gneiss, it cannot be confounded 
with any other formation. 

The quadersandstein may be described as a generally fine 
sandstone,* composed of small rounded grains of quartz, 
and occasionally mixed. with scales of silvery mica, which 
are sometimes distributed in parallel and interrupted lami- 
na&. The cement of this sandstone is argillaceous or argillOf* 
ferruginous ; it is generally more slightly aggregated than 
other sandstones, and this sandstone also much resembles 
modern alluvions; yet, in many cases, it has been hardened, 
like the tertiary sandstones, by a calcareous cement, or more 
rarely by silex. 

In the first case, this rock surprisingly resembles the 

* See the exact descriptions given by M. Haussman, Norddeutsche 
Beitrage, &c. p. 68, and Driburger Tascnenbuch, 1816. 



ittd M; Bobs' m 

vpper marine saadftone of Fontminel^leao, iA a( the Sche« 
▼elbebwald) -aod at the top of the Kotenlnifg, near Pyr- 
mont ; we also sometimes see, as at Fontainebleaiij cry- 
stals of (inverse) carlionate of lime, as for example, at 
BlankeDburg. The quartz occasionally forms smidl veins. 

It very often happens that pnrts of tUs sanditoae are de- 
composed into a yellow or white swd, as at the loot of 
Mont Bomberg at Pyrmoot, and at the Kontenberg, where 
this sand resembles the iron sand of the SngKsli. These 
sands, in other localities, produce an extensive moveable 
surface, as between Blankenburg and Halberstadt, and 
especially in the N.E. of Bohemia. 

.The colours of the quadersandstein are white, whitish 
yellow, yellow,: brownish, and rarely of a roseate tint ; thie 
first varieties abound in the north of Bohemia, Saxonj, aiid 
on the north of the Uartz, while the yellow and brownish 
varieties are met with round the oolite chain of the S.W. of 
Germany ; the latter do not furnish as good bnil&g stones 
as th^ others. 

The subordinate beds of this formation are not numerous'; 
in the lower strata we often observe coarse beds, in which 
quartz pebbles are found associated with pieces of flinty 
slate and Lydian stone ; this is seen near Vigy not fkr from 
Metz, and in the Erzgebirge, for example at Kisibel, &c. 
It happens in the latter chain, near Freyberg, tiiat these 
heds contain numerous pieces of white granular quartz, iden« 
tical with the quartzose gangues of many ipetailiferous veins 
in the gneiss. 

Sometimes we. also observe slightly marly beds in the 
quadersandstein ; this is seen in the sandstone of Pima, 
Gotha, and Silesia. We often observe in the tapper lieds a 
thickniess of some feet or fathoms occupied by alternations of 
ferruginous yellow saiidstonp with clays and clayey marls, 
which are grey, blueish grey, greenish grey, and even red- 
dish, as near Oberfulbach in Coburg, and at -Tigy near 
Metz. The beds of clay are sometimes advantageously 
emplpyed for pottery, as at Kipfendorf (Coburg), but these 
beds are rarely thipk enough to be worl^ed in the same man 
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aer as ilfeose cf the plastie cla]r« * Y^t it soinetlm^s happens 
that we may be ciiBbarrassed in deciding whether a depodit^ 
belongs to one or the other of these formations, especiallj^ 
when the marls of the qnadersandstein present the undnfai^ 
•tibns of the tertiary beds, when they are on the surface, or 
when they are in the vicinity of true plastic claygf* 

These argillaceous beds moreover sometimes contain 
smaU masses of lignites^ for vegetable remains are not fo* 
reign to the qnadersandstein, they are on the contraty Ver^ 
^characteristic of it, serving to distinguish it from the othie^ 
two mai:e -ancient secondary sandstones. 

These vegetable remains are wood and monocotyledoiioiiii 
plants ; * the first are changed into sandstone or infiltrated 
by siiex, or else they present varieties of mineral carbon and 
. 4ignite. These vegetable remains especially abound in cer- 
^tain beds, and give a' peculiar aspect to these sandstones, ak 
is seen at Kipfendorf and Blumenroth in Cobnrg, and at 
Vigy near "Metz. Sometimes these sandstones have a grey 
tint, or contain small strings of lignites, as near Quedliiii* 
burg and Piraa. 

Beds of lignite are even worked in this sandstone, as fc^ 
example, in Coburg, to the £. of Spittelstein, and along the 
:?¥estern side of the oolite chain in the S.W. of Germany, 

These deposites of lignites are most abundant in West- 
phalia, and they have been profitably worked in the Bucke^- 
bui^. In this part of Gerinany, as we shall see below, the 
• qnadersandstein is united with the lower marls of the oolite 
formation; we observe a great part of the space between 
Osnabruck, Bielfeld, Vlotho, and Buckebnrg, occupied by 
alternations of marls and sandstones* These sandstones are 
sometimes identical with those of the qnadersandstein, as 
for example, the coarse bed traversed by strings of fibrous 
carbonate of lime, which is worked at the Porta Westpha- 
lica (a defile of the Weser, near Minden) and the sand* 
stone of Hall, in Bielfeld. 

* It ivili be observed th^t Mt von I^umboldt says thes^ plants are 
(^cotyledons. (Trans.) 
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Yet the gi^ter part aiy mon} or leM €oiiiiM|ot saiidatones) 
cdoared grey, tiokt gmf, greenisb grej, and brownish^ 
Ikardened by marls or by f^rmgindvs mfiltrations, as is seen 
naar Herford, and the patches of this foniuttidn wMch occur 
tw the St and W. of PyrmontyiieaFliBntorfy Rndsidk, Falk«p 
enbagen, ^. ; 9om» certniii soiatt knaasea of mtutly and «t 
n: distance resemble coal gritf 

. T%ese kgniie sandiionefy icofUahmg P9fiie$ ami tliier* 
fuiiing viih alate ph^s and marby which are iheUy in their 
-upper 9ir0iia^ cf/nfiot he co-founded with the eotll Measures ; 
in the first place, because the combustible is always only a 
jbitnminoaa wood^ a pyritous niaeral carbon, or «lse a jet, 
which rarely seemtf to pass into certain Yarteties of pitch coul 
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. The abundance of marine fossils, of maris and illate clays, 
the nature of the sandstone, the small number of cdal bed^ 
jmd the nearly total ^ant of those dismptioos of beds which 
is obsenred in the true coal measiires, are sufficient charac- 
iers to distingnish this fom^ation from any c(then 

The alternation of this sandstone with the lewe^ strata of 
the oolite formation is n6t confined to Westphalia, for traces 
4>f it are seen in Coburg, where, at Bhimenroth, we obserre 
two beds of the same grey, compact sandstone, alternating 
.with marls, between the true quadersandstein and the lower 
jand shelly part of the oolite formation* Further to the 
sooth, similar facts occur more distinctly beneath the lias of 
southern Bayaria and Wurtemberg. Nests of iron pyrites 
are occasionally found, as near Bohrbach in Cobui^g. 
, The fossils of the quadersandstein are abundant; we havB 
already mentioned siliceous or bituminous wood, and inif- 
pressions of monocotyledonous plants + ; the siliceous wood 
is particularly abundant in Coburg, and is sometimes co- 
Joured green by nickel. The impressions of wood and pieces 
.of plants are frequent; sometimes the vegetables ha?e dis- 
appeared and left no void spaces (Gittersen, Coburg) ; their 
position is either horizontal or inclined. 

♦ See Wurzer, Analyse der Schwefelquellen zu Nendorf, 1815. j 

t Dicotyledons, Humboldt, (Trans). 
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'These impressions have neVer presented tne the singular 
•igures which characterize the plants of the eoi^l measures^ 
•on tiie contrary, both woods- and plants appeared to 'mh 
ttach more analogous to the actnai European vegetadod 
than to the plants of the coal measnres. 
• Well preSeilred impressions are very rare^ caused pro- 
bably by the want of the fine coal measure clays, and by the 
different origin of tlie deposite ; yet impresssions of plants 
may be observed which bear some resembhince to reeds 
^Luntorf, near Pyrmont), very distinct leaves resembling 
at a distance those of the hazel and walnut tree, as at Mont 
Heidelberg near Blankenberg, and at WulfenbutteL I 
liave even seen in the superb cabinet of Baron von Sehlot* 
heim, vegetable impressions resembling palms (palmaeites 
annulatus, canaliculatus, and absoletus, &c. SchL) and eveA 
plants resembling ferns, or of the division lycopodiolithes of 
M, Schlotheim (L. coespitosus) (Gotha). The same natu* 
ralist mentions carpolithes. Marine organic remains are 
tolerably abundant, especially in some localities and certain 
beds ; but they are in general only casts, and are rarely sili- 
ceous or chalcedonic petrifactions, as at the Platenberg near 
Blankenbnrg. 

The most frequent fossils of this kind would appear to be 
pectens^ (p. punctatus, radiatus, longicollis, anomalus, 
Schiot :) ; they are particularly found in some beds of the 
quadersaadstein of Silesia and Pima. In the last locality' 
we also see shells of the genus Venus, oysters (ostrea labiata 
fCnorr) and mytili. 

On the north of the Hartz, the turbinites obvolutus, Schlz 
and regensbergensis, Knorr^ have been long known near 
Blankenberg, as also in the Halberstadt, where it is associ** 
ated though rarely with ostra;a crista gal 11. 
' Volutse and bullae are mentioned as occurrln<; in the en* 
virons of Halberstadt, myae (m. musculoides, Schi:) exist in 
the Seeberg, at Gotha. The rare asteria lumbri calls Schl: 
occurs in nearly the upper strata of the Coburg quadersand- 
stone (Gossenburg) 3 this bed also contains indeterminate 
bivalves* 
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• Thd ffuidstone of Hildeshdm someiigiec cootaios terebra* 
tulae (t^ acataScMO^ and between Stoffenheim.aad Teilho* 
aefi IB BaYaria^ I have seen, in the coaise.ierriiginons sandU 
stone, iniinediately beneath the lias, a great abundance of 
the giyphites arcnata,and belemnites. 
. Ec^inites and pinnites (p» dilnvlanns) jsa^ mentioiied as 
jari^ies from Pirna, as also the remains of encrinites ; yet the 
iatter are sometimes Terj; abundant in som^ of the upper 
beds, apd t^re mixed .with bivalves (mytilns ?) as in the 
.St^fielsberg, near Staffelstein, and at Blomenrotli^ ip Cobai;g« 

Certain singular prominencies of this sandstone might lead 
us to suspect the existence of crustaceae* 
. Thb formation is not only distinguished by thejaature of 
its rocks and fossils, but it very often constitutes moofi^ns 
of. a very peculiar form, in consequence of its irregular .de* 
composition or cementation. Thus when this forniatipn is 
jipt covered by the oolite formation, as in Bayaria, oi.elso 
by chalk, it presents a suite of indented crests, with, very 
singolav rpuiided sections ; such is for example the BevU'a^ 
.^Wall or the Taufelmauer, between Blankenbnig ap4'fi9le 
berstadt, and the indented heights along the Elbe, between 
Pima and Petchen* 

When this formation has been much destroyed and a few 
patches of it only remain, we thjen observe it to fprpi^ simple 
If alls, as at Goslar, or singularly shaped blocks, as. at Hack? 
stein, near Hirchberg, in Bohemia, &c. 

Its valleys are deep, with very steep and. nearly, vertical; 
slopes, at least when the. deposite has been CQOsidefable, 
B8 bfetween Tanneberg and Bohmish, K,an)nitz, and near 
Oschit^ in Bohemiai or ^Ise the valleys are very mucH 
hollowed out, the bottoms being occupied by more ancient 
formations, whose heights are alone covered by sandstone^ 
as in many localities in the N.E. of Bohemia, and northern 
Bavaria. After having described this formation as exactly 
as I am able, I may be permitted to pass in revie.w its known, 
localities. 

. This formation' had Ipng been described in. Bohemia, and 
it was there known to cover the coal measures 9,,n4. red 
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sandstone, and to be occasionally hidden beneath some^ 
fiithoms of green sand or chloritoos chalk or planerkalk* 
It begins to appear, in that country^ on the frontiers o€ 
Silesia, at the Heoscheur, and at an elevation of 2899 ^<Bet 
above the level of the sea. It extends from thence through* 
out the north of Bohemia, and its southern limit should not; 
certainly be placed further back than Eypel, Arnao, and 
Jung Bunzlaumelnik* It still occasionally appears on this 
side the Elbe, as near . Kaudnitz, Prague, Bandeis, &c.t 
some patches are observed further sou^h, in the s^nds oC 
Konigingratz, and even perhaps in Moravia. 

After having beeii covered by basalts, and confined be- 
tween the basalts of the eastern part of the Mittelgebirge, 
and the primitive rocks and red sandstone of the Riesenge-. 
birge, the quadersandstein extends on both sides of the 
Elbe towards Pima, ascending along some valleys of the 
Erzgebli^e, where patches of > it are sometimes seen. It 
extends on the other side into Lusace, and is seen on this 
side of the granitic mass near Ullersdorf, and in nume* 
reus localities in Silesia. 

In the great valley between the Erzgebirge, the Thurin- 
gerwald and the Hartz, it is only known neac Gotha to the 
north of the Seeberg, at Boxstedt, and near Walterhausen,;. 
whilst on the north of the Hartz, it abounds near Helms(adt„ 
and forms a nearly continuous wall from Quedlinburg to 
Wemigerod ; it is only seen in isolated mounts beyond that- 
to Hildesheim, being much covered by cretaceous depo^itjes,.> 
as at Gorlar, Salzbetfurth, and Hildesheim. 

It is found in patches in the upper part of the valley ot 
the Leine, as for example, near Guttersen^ &c. it is anly< 
observed in Westphalia, where we have already mentioned 
tjie great space that it occupies with the oolite marls. It as 
i$een no more after that on the west, except near Aix la 
Chapelle, where perhaps a patch exists tolerably well c)ia* 
j^cterized as to the rock and its vegetable remains. 

It begins - to shew itself, in the S.W. of Germany, occa-' 
sionally along the Mein, near Schweinftrtt, and on the south 
of Coburg; it then extends along both sides of the oolite. 



^ain of that coantiy *, it goes on olie side towards Ambei^^^ 
and on the other into Wnrtemberg) wherie it alternates with 
JBas* This band* is more or less broad, according as the 
sandAone is more or less corered by the oolite formation^ 
dr more or less preserved above the new red sandstone ; it is 
of considerable extent between Roth, Weissenbnrg, and 
Nuremberg. 

' I am only acqnaxnted with it at present in the eastern and 
9onthem x>arts of France ; in the first place it exists in great' 
force, according to M. von Bnch, to the north of Luxem-' 
bourg, between* that town, Feltz, and Alfdorf ; there are 
three small deposites of it to the E. of Metz, one between 
Vigy and St. Hubert, a second on the north of Bertoncoart, 
and a third to the south of Ketange. It shonld be re-' 
libarked that all these portions are situated in the ramifica- 
tions of the great valley of the Moselle, on the western side 
of which we also occasionally finll the ferruginous varieties, 
which are even worked as hydrate of iron ore, as for example^ 
At Hayonge. Further south, I am only acquainted with 
some traces of it near Vic and in the environs of Vitteaux. 
Some fragments have been found by M. de la Jonquere, in 
the midst of the lias of Mezieres, and other shelly varieties 
have been discovered by M. de Beaumont, with the same 
rock, not far from Buxweiler. 

' In the Jura, the marls which are slightly sandy replace 
the quadersandstein, and alternate with the inferior oolite 
marls. . 

In the Pyrenees, the quadersandstein forms very consi-' 
^erable strata beneath the whole band of the oolite forma- 
tion which runs along their northern foot; it always pre- 
sents the same quartzose sandstones, which are more or less' 
marly, micaceous, or slaty. They contain marine organic 
remains, and fossil vegetables ; they alternate with the lower 
part of the oolite formation, and contain traces of lignites 
like the latter limestones. I shall content myself by men- 
tioning as examples, the quadersandsteins on the north of 
Navarreins, and these of St. Paul and Nalzen, in the Pays 
deFoix. 
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This formation does not appear to exist along the north- 
em side of the Alps, except in the Alps of Swabia, and per- 
haps Bavaria ; it is certain that the sandstones of the envi- 
rons of St. Galles with the gryphites spiratns and many other 
peculiar shells, have greatly the appearance of belonging 
to this formation, that is, if they do not form part of the 
green sand which is the only sandstone that may sometimes 
be confounded with the quadcrsandstein. On the other 
hand, the connection we have seen to exist between the 
lower oolite marls and the sometimes carbonaceous sand- 
stones of our deposite, leads us to suppose that many depo- 
sites of carbonaceous matter or lignites, especially with ma- 
rine remains, noticed on the foot of the Alps of Swabia, may 
belong to this kind of formation. We may one day unite 
with it the masses of carbonaceous matter which occur along 
the Alps, between France and Piedmont, as the mass of 
Entrevener, those on the environs of Grenoble, &c. 
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page Um 

4 5 from the bottom,. /or 5 inches read 11 inches. 

17 4 from the bottom, for in read amidst. 

57 3 for is read are. 

67 5 from the bottom, for re^et read reject. 

80 3 for that are read which is. 

95 14 for bohlen read hohlen. 

108 17 daeoTkXy. 
137 2 for veins rflod vines. 

t6. 7 from the bottom, for real read coal. 

141 16 for rock read rocks. 
158 6 for villages read valleys. 

162 3 for state of relative read study of respective. 

ib, 21 for are either read is either. 

167 10 from the bottom, ybr foundations remf situations, 

171 10 for on read in. 
181 5 for so reai{ to. 

186 5 for graphite read gryphite. 
ib, 16 for exclusively read inclusive. 

187 3 from the bottom, /or in read is. 
196 9 for possess read partake. 

198 12 for rocks read works. 

203 13 for formation redd formed. 

223 9 for into Nahe read into the Nahe. 

211 3 from the bottom, for 3 feet 1 in. read 13 feet 1 inch. 

213 6 for feet read inches. 

214 9 for feet read inches. 
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